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CHAPTER 1. GENERAL INTRODUCTION 
 
Wetlands perform many important functions, including providing habitat and food 
resources for plants and animals and processing pollutants derived from intensive agriculture 
and urban development (Blackwell et al. 2002, van der Valk 2006, Wetzel 2006).  Therefore, 
it is unfortunate that more than half of the wetlands originally occurring in the conterminous 
(lower 48 states) USA were destroyed after European settlement (Dahl 1990, Dahl 2006).  In 
the farm belt states of the Midwestern USA (i.e., Illinois, Indiana, Iowa, Michigan, 
Minnesota, Ohio, and Wisconsin), 14,579,000 ha of wetlands were lost between 1780 and 
1980, accounting for approximately 33% of total North American wetland losses during that 
time period (Dahl 1990).  Of these and other Midwestern states, Iowa (the focal region of my 
study) suffered the greatest loss, equivalent to 1,448,000 ha or 90% of original wetland area 
(Dahl 1990, Dahl 2006).  Additionally, water and habitat quality of many remaining wetlands 
were severely reduced by human activities, therefore restricting their functionality 
(Guntenspergen et al. 2002, Genet and Olsen 2008).   
Iowa’s Des Moines Lobe ecoregion constitutes the southern extent of the Prairie 
Pothole Region (PPR), which extends from central Alberta, Canada to the northern edge of 
Montana, through North Dakota, South Dakota, western Minnesota, and north-central Iowa 
(70,000,000 ha; Prior 1991, Galatowitsch 1993, Guntenspergen et al. 2002).  Modern 
topography of the Des Moines Lobe was formed during the most recent glacial activity in the 
region (Pleistocene glaciations; 12,000 – 14,000 years ago) and was structured by scouring 
effects of moving and melting blocks of ice (Prior 1991, Euliss et al. 1999).  The many small 
depressional wetlands of the PPR are derived from the combination of glacial activity and 
slow drainage of this relatively flat landscape (Prior 1991, Euliss et al. 1999, IDNR 2000).  
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 Functional wetlands are essential to the ecological and economic health of the PPR 
and North America in general (Guntenspergen et al. 2002, Tangen et al. 2003).  By absorbing 
surface water runoff, these ecosystems recharge the ground water table, reduce frequency and 
intensity of flood events, and preserve valuable agricultural topsoil (IDNR 2000, Blackwell 
et al. 2002).  Additionally, PPR wetlands improve surface and ground water quality by 
trapping sediments and filtering nutrients through a variety of physical and biological 
mechanisms (Guntenspergen et al. 2002, van der Valk 2006).  These wetlands are perhaps 
best known for their value to wildlife.  The PPR is one of the most important migratory and 
breeding habitats for waterfowl in North America (Baldassare and Bolen 1994, 
Guntenspergen et al. 2002, Dahl 2006).  Although it constitutes only 10% of the geographic 
area of North America, more than 50% of the continent’s duck production may occur in 
wetlands and other aquatic ecosystems of the PPR (Baldassare and Bolen 1994, 
Guntenspergen et al. 2002).   
Historically, standing water interfered with development of agriculture in the highly-
productive PPR (IDNR 2000, Dahl 2006).  Beginning in the 1830s, artificial drainage 
systems, consisting first of ditches and trenches and finally underground tile lines, were 
constructed to remove water from this landscape (Bishop et al. 1998, IDNR 2000).  From the 
mid-1800s through the early 1900s, government-sponsored programs promoted draining and 
filling wetlands for agriculture (Bishop et al. 1998).  By the 1980s, approximately 95-98% of 
Iowa’s original shallow prairie pothole wetlands were lost to agriculture and other purposes 
and integrity of surviving wetlands was threatened by hydrological alterations and 
accelerated inputs of nutrients, sediments, and synthetic chemicals associated with 
anthropogenic activities (Bishop et al. 1998, IDNR 2000, Dahl 2006).     
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In recent decades, increased understanding of the value of wetlands resulted in 
legislation and programs to protect and restore wetlands in the PPR and elsewhere (Dahl 
2006).  Passage of the federal Clean Water Act in the 1970s imposed restrictions on 
dredging, filling, and discharging pollutants into wetlands (Dahl 1990, Bishop et al. 1998).  
Although farming practices were generally exempted from regulations, rate of wetland loss 
declined nationwide due to this legislation (Dahl 1990, Bishop et al. 1998).  Beginning in the 
mid-1980s, several programs intended to protect and restore wetlands were developed and 
funded by federal, state, and local agencies.  The North American Waterfowl Management 
Plan (NAWMP; 1986) enabled acquisition and protection of wetlands considered to be 
especially important bird habitat (Bishop et al. 1998).  The North American Wetland 
Conservation Act (NAWCA; 1989) provided additional funds for public acquisition and 
restoration of wetlands (Bishop et al. 1998).  In the 1990s, two USDA programs administered 
by the Natural Resources Conservation Service (NRCS), the Wetlands Reserve Program 
(WRP) and the Emergency Wetlands Reserve Program (EWRP), were initiated to provide 
landowners with incentives for protecting and restoring wetlands on their property (Bishop et 
al. 1998, Zedler 2006).  These and other programs, many of which were cooperative efforts 
among agencies, also funded wetland protection and restoration efforts in the PPR of Iowa, 
including Prairie Pothole Joint Venture (PPJV), Ducks Unlimited (DU), Federal and State 
Duck Stamps, IDNR Trust Fund, and Pheasants Forever (Bishop et al. 1998, Dahl 2006, 
Zedler 2006; G. Hanson, Wildlife Unit, Iowa Department of Natural Resources, personal 
communication).  Collectively, programs described above were successful in slowing and 
even reversing historical trends of wetland loss in North America.  Between 1998 and 2004, 
a net gain in total wetland area was realized for the first time in the lower 48 states (Dahl 
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2006).  In Iowa, for example, total wetland area increased annually between the mid-1980s 
and early-2000s as a result of wetland creation and restoration activities (Bishop et al. 1998, 
Dahl 2006).  However, significant losses of wetlands still occurred during this time period in 
the PPR of North Dakota, South Dakota, and western parts of Minnesota and Iowa, in 
addition to other Midwestern states of Indiana, Michigan, Ohio, and Wisconsin (Dahl 2006, 
Genet and Olsen 2008).  Rates of wetland loss in these regions and states were among the 
highest in the nation between 1998 and 2004 (Dahl 2006).  
Although progress in wetland protection has been made, we still lack knowledge and 
tools needed to preserve and restore wetlands in the most effective and efficient ways 
(Galatowitsch et al. 1999, Guntenspergen et al. 2002, Tangen et al. 2003, Genet and Olsen 
2008).  A primary goal of wetland management is maintenance or restoration of important 
wetland functions and services, including nutrient trapping (e.g., via transformations, uptake 
by and sequestration in sediments and biomass, and trophic interactions) and waterfowl 
production (Rader 2001, Guntenspergen et al. 2002).  These functions are affected by and a 
reflection of biological components of the ecosystem, especially organisms at or near the 
base the food web (Euliss et al. 1999, Rader 2001).  Therefore, by quantifying abundance, 
taxa composition, and diversity of organisms, we can assess wetland function and ecosystem 
health (i.e., ecosystem or ecological condition, quality, or integrity), the latter of which refers 
to ability of the ecosystem to support life and functions characteristic of an ecosystem 
unimpacted by human activities (Barbour et al. 2000, Helgen and Gernes 2001, Rader 2001, 
Guntenspergen et al. 2002, Genet and Olsen 2008).  Because organisms, wetland function, 
and ecosystem health are intricately linked, much attention is now being directed toward 
developing wetland bioassessment techniques, which use biological community 
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characteristics, or metrics (e.g., numerical densities, biomass, taxa composition, and 
diversity), to evaluate ecosystem health and functions (Galatowitsch et al. 1999, Apfelbeck 
2001, Helgen and Gernes 2001, Rader 2001, Guntenspergen et al. 2002, USEPA 2002, Genet 
and Bourdaghs 2006, Genet and Olsen 2008).   
Bioassessment techniques have several advantages over traditional reliance on 
physical and chemical features to evaluate wetland ecosystem health and functions.  First, 
organisms, including microorganisms, macrophytes (e.g., plants), and invertebrates, are 
essential to almost all important wetland functions.  Photoautotrophs, including algae and 
plants, convert solar energy to a biologically available form of energy and therefore 
constitute the base of the food web (van der Valk 2006).  Macroscopic plants anchor 
sediments, sequester nutrients in biomass, increase water retention within the wetland, 
provide essential habitat for microscopic organisms and invertebrates, and are consumed by 
animals (Blackwell et al. 2002, van der Valk 2006).  Decomposers, including heterotrophic 
bacteria and fungi, are critical in nutrient transformations and destruction of decomposing 
organic matter and are important prey for invertebrates that in turn are consumed by 
vertebrates (Euliss et al. 1999, Cummins and Merritt 2001, Blackwell et al. 2002, Boon 2006, 
van der Valk 2006, Wetzel 2006).  Secondly, taxa differ in sensitivity to physical, chemical, 
and biological stressors (Galatowitsch et al. 1999, Euliss et al. 1999, Helgen and Gernes 
2001, Genet and Bourdaghs 2006, Genet and Olsen 2008).  Therefore, community 
characteristics, including diversity and abundance of known ecologically-sensitive taxa, are 
indicative of the likelihood and severity of environmental problems that may or may not be 
detected through use of physicochemical monitoring techniques alone (Helgen and Gernes 
2001, Guntenspergen et al. 2002, Genet and Bourdaghs 2006).             
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A variety of bioassessment techniques using different groups of organisms have been 
developed or tested for aquatic ecosystems (Spieles and Mitsch 2000, Rader et al. 2001, 
Davis et al. 2006, Genet and Bourdaghs 2006, Genet and Olsen 2008).  The most popular 
technique used in North America is the Index of Biotic Integrity (IBI).  In an IBI, a 
quantitative measure of ecosystem health is obtained using a numerical value derived from a 
defined set of biological community metrics that were previously determined to be related to 
environmental features (Helgen and Gernes 2001, Guntenspergen et al. 2002, Stevenson and 
Hauer 2002, USEPA 2002, Genet and Bourdaghs 2006, Genet and Olsen 2008).  The first 
IBI was developed using fish-based metrics to evaluate degree of adverse human impact on 
small Midwestern USA streams (Karr 1981, USEPA 2002).  Karr’s (1981) original IBI has 
since been modified and applied across a variety of taxonomic groups, ecosystem types, and 
geographic regions (Lammert and Allan 1999, Wilcox et al. 2003, Drake and Valley 2005, 
USEPA 2002, Genet and Bourdaghs 2006, Genet and Olsen 2008).  Although significant 
progress in designing wetland IBIs and other organism-based ecosystem health indices has 
been achieved, development of these tools for wetlands has not yet advanced beyond 
preliminary stages (Galatowitsch et al. 1999, Guntenspergen et al. 2002, USEPA 2002, Davis 
et al. 2006, Genet and Bourdaghs 2006, Genet and Olsen 2008).   
Development of wetland bioassessment techniques using macroinvertebrates (i.e., 
macroscopic invertebrates; individuals with a body length ≥ 0.5 mm long) has considerable 
potential (Helgen and Gernes 2001, Guntenspergen et al. 2002, USEPA 2002, Genet and 
Bourdaghs 2006, Genet and Olsen 2008).  Macroinvertebrates are taxonomically diverse, 
relatively easy to sample, interact with organisms at all trophic levels of food webs, and 
clearly respond to environmental gradients (Euliss et al. 1999, Batzer et al. 2001, Cummins 
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and Merritt 2001, Guntenspergen et al. 2002).  Previous studies demonstrated that wetland 
macroinvertebrate abundance and diversity are reduced by pollution and other human 
disturbances as taxa differ in sensitivities to environmental conditions (Euliss et al. 1999, 
Murkin and Ross 2000, Genet and Bourdaghs 2006, Genet and Olsen 2008).  Additionally, 
macroinvertebrates occupy intermediate trophic levels between microorganisms, plants, and 
vertebrates and are therefore vital agents of nutrient cycling and energy flow through food 
webs (Euliss et al. 1999, Murkin and Ross 2000, Cummins and Merritt 2001).  Through 
consumption of decomposing organic matter, aquatic vegetation, and associated 
microorganisms, macroinvertebrates may also play key roles in nutrient transformations and 
processing of human-generated pollutants in wetlands (Euliss et al. 1999, USEPA 2002).  As 
a critically important food resource, macroinvertebrate abundance and taxonomic 
composition can limit amphibian and waterfowl abundance (Magee et al. 1999, Lindeman 
and Clark 1999, Guntenspergen et al. 2002, Anteau and Afton 2008).  In fact, declining lesser 
scaup populations in the PPR since the 1980s have been attributed to apparent declines in 
amphipod abundance in wetlands of the region (Lindeman and Clark 1999, Anteau and Afton 
2006, Anteau and Afton 2008).     
Recognition that macroinvertebrates affect and reflect wetland ecosystem health and 
functions has stimulated attempts to identify factors structuring their communities and to 
develop ecosystem health assessment techniques using these organisms (Helgen and Gernes 
2001, Guntenspergen et al. 2002, USEPA 2002, Tangen et al. 2003, Genet and Bourdaghs 
2006, Genet and Olsen 2008).  Using core principles and quantitative procedures from Karr’s 
(1981) original IBI, several studies have focused on identifying macroinvertebrate-based 
indicators of wetland ecosystem health and some have been successful in developing an 
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effective set of IBI community metrics (Apfelbeck 2001, Guntenspergen et al. 2002, USEPA 
2002, Helgen and Gernes 2001, Genet and Bourdaghs 2006, Genet and Olsen 2008).  An IBI 
constructed for prairie wetlands in Minnesota is likely the most refined macroinvertebrate-
based IBI to date (Helgen and Gernes 2001, Gernes and Helgen 2002, Genet and Bourdaghs 
2006, Genet and Olsen 2008).  Through a series of studies conducted across years and 
ecoregions, investigators identified at least a few community metrics (e.g., total taxa richness 
and Ephemeroptera, Odonata, and Trichoptera (EOT) taxa richness) that were consistently 
reliable indicators of ecosystem health (Genet and Bourdaghs 2006, Genet and Olsen 2008).  
However, considerable work is still needed to identify a reliable ecosystem health index and 
accompanying set of metrics that have strong potential for effective use across a range of 
geographic regions and wetland classes (Barbour et al. 2000, Batzer et al. 2001, Stevenson 
and Hauer 2002, USEPA 2002).   
To identify reliable bioassessment metrics, it is necessary to quantify relationships 
between organism community characteristics and environmental features known to affect 
ecosystem health and functions (Helgen and Gernes 2001, USEPA 2002, Tangen et al. 2003, 
Genet and Bourdaghs 2006).  Previous studies demonstrated that macroinvertebrate 
communities in PPR and Midwestern USA wetlands were affected by several environmental 
features that also reflected severity of anthropogenic impacts.  In several cases, 
macroinvertebrate abundance and diversity were negatively related to high turbidity and 
nutrient concentrations (e.g., nitrogen and phosphorus) in the water column, low pH (≤ 6), 
and positively related to dissolved oxygen concentration (Euliss et al. 1999, Magee et al. 
1999, Stewart and Downing 2008).  Several biological features of wetlands were also found 
to be likely determinants of macroinvertebrate community characteristics.  Macroinvertebrate 
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abundance and diversity have been positively related to coarse particulate organic matter 
(coarse detritus and living macroscopic plants; CPOM) abundance and negatively related to 
fish abundance (Euliss et al. 1999, Magee et al. 1999, Zimmer et al. 2002, Hanson et al. 
2005, Stewart and Downing 2008).  Finally, macroinvertebrate abundance, diversity, and 
taxa composition have also been indirectly related to relative abundance of surrounding land 
cover categories, including urban development, agriculture (row crops or pasture), other 
water bodies, grassland, and tree/woodland (Galatowitsch et al. 1999, Guntenspergen et al. 
2002, Tangen et al. 2003).      
In 2007, I sampled macroinvertebrate communities in 17 semipermanent and 
permanent wetlands within the PPR region of Iowa.  Several physicochemical and biological 
features suspected to affect macroinvertebrate community characteristics were also 
measured, in addition to land cover in the surrounding terrestrial landscape.  Main objectives 
of my study were to: 
1) provide quantitative descriptions of macroinvertebrate community characteristics 
(i.e., biomass, numerical densities, taxa composition and diversity) in 
semipermanent and permanent prairie pothole wetlands of Iowa,   
2) quantify relationships between macroinvertebrate community characteristics and 
important environmental features within wetlands and the surrounding terrestrial 
landscape, and 
3) use these relationships to identify a candidate set of metrics for purposes of 
developing a macroinvertebrate-based ecosystem health index for semipermanent 
and permanent wetlands in the Iowa PPR region.  
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 To my knowledge, this study represents the most intensive effort yet to quantify 
macroinvertebrate community characteristics of prairie pothole wetlands in Iowa.  Baseline 
data provided here will be essential for evaluating spatial and temporal variation in 
environmental conditions in these and other PPR and Midwestern USA wetlands.  
Additionally, relationships between community characteristics and environmental features 
that are reported here advance our understanding of factors regulating invertebrate 
abundance, and consequently waterfowl production and other functions, in these wetlands.  
Results can be applied to manage wetlands to improve effectiveness and efficiency of these 
functions.  Finally, this study represents the first attempt to identify macroinvertebrate-based 
bioassessment metrics in Iowa wetlands.  Results provide the necessary framework for 
developing an ecosystem health index for Iowa wetlands and will also contribute to 
development of improved bioassessment techniques for wetlands in other geographic 
regions.   
 
THESIS ORGANIZATION 
This thesis consists of two chapters.  I introduce my thesis topic in chapter 1, 
including background information, specific questions addressed, and resulting contributions.  
Chapter 2 is a manuscript based on my field research project that will be submitted to a 
scholarly journal.  Raw data and data sheets are located in appendices.  
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Abstract:  Macroinvertebrates of open-water habitat in 17 semipermanent and permanent 
prairie pothole wetlands of north-central Iowa were quantitatively sampled in June 2007.  
Several macroinvertebrate community characteristics (i.e., metrics) were quantified, 
including metrics based on biomass, numerical densities, and taxonomic diversity.  Several 
environmental features of each wetland were also measured.  Land cover within a 50-m 
radius of each wetland was recorded in terms of % agriculture, % grassland,  
% tree/woodland, % urban, and % water.  Physicochemical features measured within 
wetlands included dissolved oxygen, total nitrogen, total phosphorus, pH, temperature, and 
turbidity.  Additional biological features that were measured included coarse particulate 
organic matter (CPOM) abundance (i.e., living and nonliving plants) and presence or absence 
of predaceous fish and salamanders.  Multiple regression analyses and nonmetric 
multidimensional scaling ordination were used to examine relationships between 
macroinvertebrate metrics and environmental features.  A total of 44 macroinvertebrate taxa 
were recorded from wetlands and overall taxa composition was typical of most Midwestern 
USA and prairie pothole wetlands.  Of 52 macroinvertebrate metrics that were measured, 32 
were significantly related to one or more environmental features.  CPOM abundance and 
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turbidity (and nitrogen and phosphorus that were highly correlated with turbidity) were 
strongly associated with macroinvertebrate community characteristics and appeared to be the 
greatest causes of community variability across wetlands.  CPOM and turbidity, respectively, 
were consistently positively and negatively related to several biomass, density, and diversity 
metrics.  Based on nature and strength of relationships between metrics and environmental 
features that were quantified in this and previous studies, I complied a set of eight metrics 
(total macroinvertebrate biomass as ash-free dry weight, Chironomidae density, Amphipoda 
density, total Mollucsa density, total Ephemeroptera, Odonata, and Trichoptera (EOT) 
density, total Coleoptera density, EOT taxa richness, and total taxa richness) that should be 
considered for use in an ecosystem health index for prairie pothole wetlands in Iowa.  
Wetlands receiving high scores and ranks in a preliminary ecosystem health index that was 
based on these metrics also had higher CPOM abundance and lower turbidity than wetlands 
with low index scores.  In conclusion, my results suggest that wetland ecosystem health and 
functionality would be improved by management strategies that enhance CPOM abundance 
and reduce turbidity.  Additionally, measurement of CPOM, turbidity, and a standard set of 
macroinvertebrate metrics should be considered as a future standard practice in wetland 
ecosystem health monitoring programs.  Although the candidate set of metrics described 
above appears to be a reliable bioassessment tool, research is still needed to identify the most 
reliable set of metrics, in addition to developing an effective, user-friendly ecosystem health 
index based on these metrics.   
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INTRODUCTION 
More than half of the wetlands occurring in the conterminous USA (i.e., lower 48 
states) at the time of European settlement no longer exist (Dahl 1990, Dahl 2006).  Primarily 
due to demand for agricultural land, historical percent loss of wetland area in the Midwestern 
USA (hereafter Midwest) greatly exceeded losses occurring in most other regions of the 
nation (Dahl 1990).  The farm belt states alone (i.e., Illinois, Indiana, Iowa, Michigan, 
Minnesota, Ohio, and Wisconsin) lost 14,579,000 ha of wetlands between 1780 and 1980, 
accounting for approximately 33% of total North American losses during that time period 
(Dahl 1990).   
Of Midwest states, Iowa suffered arguably the greatest total loss, equivalent to 
1,448,000 ha or 90% of the state’s original wetland area (Dahl 1990, Dahl 2006).  Wetland 
destruction in the prairie pothole region of north-central Iowa was particularly extensive.  By 
the mid-1980s, 95-98% of Iowa’s original prairie pothole wetlands were eradicated from the 
landscape and most surviving wetlands were adversely affected by hydrologic alterations and 
high inputs of nutrients, sediments, and synthetic chemicals (Bishop et al. 1998, IDNR 2000, 
Guntenspergen et al. 2002, Dahl 2006).  
The prairie pothole region (PPR) of North America extends from west-central 
Alberta, Canada to the northern edge of Montana, and eastward through North Dakota, 
eastern South Dakota, western Minnesota, and north-central Iowa (70,000,000 ha; Prior 
1991, Galatowitsch 1993, Guntenspergen et al. 2002).  Ecological functions within the 
numerous wetlands of this landscape provide a variety of services to the region and North 
America in general (Blackwell et al. 2002, Guntenspergen et al. 2002, van der Valk 2006).  
However, PPR wetlands are best known for providing perhaps the most important habitat for 
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migrating and breeding waterfowl in North America (Baldassare and Bolen 1994, 
Guntenspergen et al. 2002, Dahl 2006).  The PPR constitutes only 10% of the geographic 
area of North America, yet more than 50% of the continent’s duck production may occur in 
wetlands and other aquatic ecosystems of the region (Baldassare and Bolen 1994, 
Guntenspergen et al. 2002).   
Although wetland destruction and degradation continues in the Midwest and PPR, 
historical trends of net wetland loss have slowed and even reversed course in recent years 
(Dahl 2006, Genet and Olsen 2008).  Since the 1970s, thousands of wetlands have been 
protected, created, and/or restored in response to federal, state, and local legislation and 
programs (Bishop et al. 1998, Dahl 2006, Zedler 2006).  Between 1998 and 2004, a net gain 
in total wetland area was recorded for the first time in the lower 48 states, especially in Iowa 
and some other Midwest states where some of greatest gains in wetland area were realized 
(Bishop et al. 1998, Dahl 2006).   
Definite progress in wetland protection has been made.  However, we still lack 
knowledge and tools needed to preserve and restore wetlands in the most effective and 
efficient ways (Galatowitsch et al. 1999, Guntenspergen et al. 2002, Tangen et al. 2003, 
Genet and Olsen 2008).  A primary goal of wetland management is maintenance or 
restoration of wetland functions and services, including retention, trapping, and processing of 
sediments, organic matter, and nutrients, and provision of wildlife habitat (Rader 2001, 
Guntenspergen et al. 2002, van der Valk 2006).  These functions are affected by and a 
reflection of biological components of the ecosystem, that in turn reflect ecosystem health 
(i.e., ecosystem or ecological condition, or integrity; Barbour et al. 2000, Helgen and Gernes 
2001, Rader 2001, Guntenspergen et al. 2002).  Because organisms, wetland function, and 
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ecosystem health are integrated, much attention is now being directed toward developing 
wetland bioassessment techniques, which use biological community characteristics or metrics 
(e.g., numerical densities, biomass, taxa composition, and diversity) to evaluate wetland 
ecosystem health and functionality (Galatowitsch et al. 1999, Apfelbeck 2001, Helgen and 
Gernes 2001, Rader 2001, Guntenspergen et al. 2002, USEPA 2002, Genet and Bourdaghs 
2006, Genet and Olsen 2008).   
Macroinvertebrates (i.e., macroscopic invertebrates; individuals with a body length ≥ 
0.5 mm long) are arguably the most ideal organisms for use in wetland ecosystem health 
assessment.  Macroinvertebrates are taxonomically diverse and relatively easy to sample 
(Euliss et al. 1999, Batzer et al. 2001).  Taxa have different sensitivities to wetland 
conditions and communities therefore respond to environmental gradients (Euliss et al. 1999, 
Murkin and Ross 2000, Helgen and Gernes 2001, Genet and Bourdaghs 2006, Genet and 
Olsen 2008).  Additionally, macroinvertebrates occupy intermediate trophic levels between 
microorganisms, plants, and vertebrates, and consequently, are vital agents of nutrient 
cycling and energy flow through food webs (Euliss et al. 1999, Murkin and Ross 2000, 
Cummins and Merritt 2001).  By consuming decomposing organic matter, aquatic vegetation, 
and associated microorganisms, macroinvertebrates may also play key roles in nutrient 
transformations and processing of human-generated pollutants in wetlands (Euliss et al. 
1999, Murkin and Ross 2000).  As a critically important food resource, macroinvertebrate 
abundance and taxonomic composition can limit amphibian and waterfowl abundance 
(Magee et al. 1999, Lindeman and Clark 1999, Guntenspergen et al. 2002, Anteau and Afton 
2008).  In fact, declining lesser scaup populations in the PPR since the 1980s have been 
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attributed to apparent declines in amphipod abundance in wetlands of the region (Lindeman 
and Clark 1999, Anteau and Afton 2006, Anteau and Afton 2008).     
Within the past 10-15 years, many investigators have focused on developing wetland 
ecosystem health assessment tools using macroinvertebrates (Galatowitsch et al. 1999, 
Barbour et al. 2000, Spieles and Mitsch 2000, Apfelbeck 2001, Helgen and Gernes 2001, 
Gernes and Helgen 2002, Guntenspergen et al. 2002, USEPA 2002, Tangen et al. 2003, 
Davis et al. 2006, Genet and Bourdaghs 2006, Genet and Olsen 2008).  Of potential 
organism-based ecosystem health indices, the Index of Biotic Integrity (IBI) has received 
perhaps the greatest attention in North America (Karr 1981, Helgen et al. 2001, 
Guntenspergen et al. 2002, Stevenson and Hauer 2002, USEPA 2002, Genet and Bourdaghs 
2006, Genet and Olsen 2008).  An IBI constructed for prairie wetlands in Minnesota is likely 
the most refined macroinvertebrate-based IBI to date (Helgen and Gernes 2001, Gernes and 
Helgen 2002, Genet and Bourdaghs 2006, Genet and Olsen 2008).  Through a series of 
studies conducted across years and ecoregions, investigators identified at least a few 
community characteristics or IBI metrics (e.g., total taxa richness and Ephemeroptera, 
Odonata, and Trichoptera (EOT) taxa richness) that were consistently reliable indicators of 
ecosystem health (Genet and Bourdaghs 2006, Genet and Olsen 2008).  Arguably, however, 
a sufficiently large and reliable set of metrics for evaluating health of any class of wetlands in 
any geographic region is yet to be identified (Barbour et al. 2000, Batzer et al. 2001, 
Stevenson and Hauer 2002, USEPA 2002).   
To identify metrics that are useful in ecosystem health assessment, it is necessary to 
quantify relationships between biological community characteristics and environmental 
features known to affect ecosystem health and functions (Helgen and Gernes 2001, USEPA 
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2002, Tangen et al. 2003, Genet and Bourdaghs 2006).  Previous studies demonstrated that 
macroinvertebrate communities in PPR and Midwest wetlands are affected by several 
environmental features that also reflect severity of anthropogenic impacts.  In several cases, 
macroinvertebrate abundance and diversity were negatively related to high turbidity and 
nutrient concentrations (e.g., nitrogen and phosphorus) in the water column, low pH (≤ 6), 
and positively related to dissolved oxygen concentration (Euliss et al. 1999, Magee et al. 
1999, Stewart and Downing 2008).  There is evidence that several biological features of 
wetlands also structure macroinvertebrate communities, including abundance of fish and 
coarse particulate organic matter (coarse detritus and living macroscopic plants; CPOM) that 
generally appear to reduce and increase macroinvertebrate abundance and diversity, 
respectively (Euliss et al. 1999, Magee et al. 1999, Zimmer et al. 2002, Hanson et al. 2005, 
Stewart and Downing 2008).  Finally, macroinvertebrate abundance, diversity, and taxa 
composition have also been related to relative abundance of surrounding land cover types, 
including urban development, row crops or pasture (agriculture), other water bodies, 
grassland, and tree/woodland (Galatowitsch et al. 1999, Guntenspergen et al. 2002, Tangen et 
al. 2003).      
In 2007, I sampled macroinvertebrate communities in 17 semipermanent and 
permanent wetlands within the PPR region of Iowa.  Several physicochemical and biological 
features suspected to affect macroinvertebrate community characteristics were also 
measured, in addition to land cover in the surrounding terrestrial landscape.  Objectives were 
to 1) quantitatively describe macroinvertebrate community characteristics (i.e., biomass, 
numerical densities, and diversity) in these wetlands, 2) quantify relationships between 
macroinvertebrate community characteristics and environmental features within wetlands and 
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the surrounding terrestrial landscape, and 3) use relationships from this and previous studies 
to identify candidate metrics for use in a macroinvertebrate-based ecosystem health index for 
semipermanent and permanent prairie pothole wetlands in Iowa.  To my knowledge, this 
study represents the most intensive effort yet to quantify macroinvertebrate community 
characteristics in prairie pothole wetlands in Iowa.  Baseline data provided here are useful for 
evaluating spatial and temporal variation in environmental conditions in these and other PPR 
and Midwest USA wetlands.  Additionally, relationships between community characteristics 
and environmental features advance understanding of factors regulating invertebrate 
abundance, and consequently, water quality, waterfowl production, and other ecosystem 
health attributes.  Results can subsequently be applied to manage wetlands to improve 
ecosystem health and maximize effectiveness and efficiency of related functions.  Finally, 
this study represents the first attempt to identify a set of macroinvertebrate-based metrics for 
evaluating wetland ecosystem health in Iowa.  Results provide a framework for future 
research designed to identify a standard set of metrics and an ecosystem health index that 
will be transferable to a variety of wetland classes and geographic regions.   
 
METHODS 
 
Study Area and Sites 
 
Study sites consisted of 17 publicly-owned wetlands located in a four-county area 
(Cerro Gordo, Hancock, Winnebago, and Worth counties) of the PPR region of north-central 
Iowa (Figure 1, Appendix 1).  Wetlands occurred in Shell Rock, Upper Iowa, West Fork 
Cedar, and Winnebago subwatersheds of the Upper Mississippi River watershed.  Several 
criteria were used to select study wetlands from a larger set of candidate wetlands and 
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selection criteria were generally based on attempts to standardize for non-target 
environmental features (i.e., variables).  Previous monitoring by the Iowa Department of 
Natural Resources (IDNR) suggests that with exception of drying induced by draw downs 
during restoration events (Appendix 1) and a severe drought that occurred in 1989 and 1990, 
wetlands generally retain standing water on permanent basis (G. Hanson, Wildlife Unit, Iowa 
Department of Natural Resources).  Wetlands were not connected to streams or rivers.  Water 
input sources included overland surface flow and groundwater, including occasional 
contributions from tile inlets.  Based on these features, my study wetlands were classified as 
palustrine, semipermanent or permanent wetlands (Boon 2006).  Candidate wetlands were 
shallow (maximum bank-full depth across all wetlands ranged from 0.6 to 1.7 m), lacked tree 
canopy cover, and had extensive, wadeable, open-water habitat nearly or completely devoid 
of emergent macrophytes.  To minimize the likelihood that variability in wetland age affected 
results (e.g., Stanczak and Keiper 2004, Wrubleski 2005, Spieles et al. 2006), only wetlands 
that had not been intensively managed within the past six years were considered for inclusion 
in this study (Appendix 1).  Management practices that had been implemented were directed 
toward habitat restoration and included removal of tile drains, filling ditches, and/or creating 
small dikes (G. Hanson, Wildlife Unit, Iowa Department of Natural Resources).  Finally, 
environmental data previously collected by the IDNR were used to select wetlands that, in 
my best professional judgment, collectively represented a strong ecosystem health gradient.  
This preliminary ecosystem health assessment was based on data obtained from candidate 
wetlands in 2005 and 2006 for several common indicators of wetland ecosystem health, 
including water column levels of turbidity, nitrogen and phosphorus, and presence or absence 
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of large benthivorous fishes (e.g., common carp, Cyprinus carpio; King and Richardson 
2003, Batzer and Sharitz 2006, van der Valk 2006, Stewart and Downing 2008).   
 
Wetland sampling stations 
In May 2007, five sampling stations were established in each wetland for purposes of 
quantifying macroinvertebrate community characteristics and associated environmental 
features.  Values for most measured features were obtained at all five stations to account for 
spatial variability in environmental conditions.  First, aerial photographs and on-site visual 
observations were used to divide each wetland into five sections of equal surface area.  A 
sampling station was established at the shoreline in the middle of each section, so that 
stations were evenly distributed around the wetland perimeter.  From each sampling station, a 
specific location for sampling macroinvertebrates and environmental features was selected by 
walking into the wetland, moving perpendicular to the shoreline to minimize investigator 
bias in selecting sampling location, until reaching open-water habitat that supported few, if 
any, emergent plants.  Each sampling location (hereafter referred to as sampling station) 
occurred in an area beyond the dense emergent plant zone where water depth ranged from 
40-50 cm.  By sampling only in open-water habitat and at consistent depths, I standardized 
for effects of vegetation zone/type and other features that might have overwhelmed causes of 
variation in macroinvertebrate community characteristics I was interested in identifying.  
Additionally, open-water habitat constituted most of the water surface area of wetlands in 
this study.  Therefore, macroinvertebrate community characteristics and environmental 
features reported in my study likely represented dominant conditions in these wetlands.   
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Measuring physicochemical features in wetlands 
In each wetland, I measured several physicochemical features that were related to 
macroinvertebrate community characteristics in previous studies of Midwest and PPR 
wetlands and that are also considered strong indicators of wetland ecosystem health (Table 
1).  Total Kjeldahl nitrogen (TN, mg/L, USEPA method 351.2; USEPA 1993) and total 
phosphorus (TP, mg/L, USEPA method 365.4; USEPA 1983) were measured from samples 
collected from the middle of the water column at one randomly selected station per wetland 
(June 6-7, 2007).  Electronic meters were used to take diurnal measurements of dissolved 
oxygen (mg/L), pH, temperature (˚C), and turbidity (NTU) at all five sampling stations on 
five different dates.  These physicochemical features were measured every 2-7 days from 
May 14-June 7, 2007.  Turbidity was measured from the middle of the water column and 
dissolved oxygen, pH, and temperature were measured at three depths: slightly below the 
water surface, in the middle of water column, and just above the water-sediment interface.  
For dissolved oxygen, pH, temperature, and turbidity, all values from a single date were 
averaged to produce one daily value for each environmental feature per wetland.  At the end 
of the study, all five daily values were averaged to produce a mean value for each 
environmental feature in each wetland.  Mean values for each wetland are reported in results 
and were used in statistical analyses.    
 
Field sampling of macroinvertebrates and coarse particulate organic matter (CPOM) 
Macroinvertebrates and associated coarse particulate organic matter (consisting of 
dead and living macroscopic algal and plant material; CPOM) were sampled once from each 
sampling station at a time of year (June 12-18, 2007) when macroinvertebrate biomass, 
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numerical densities, and taxa richness was expected to be at or near maximum levels (i.e., 
seasonal index period; Gernes and Helgen 2002, USEPA 2002).  A 25-m linear transect was 
established at each sampling station, parallel to the shoreline, and one point along this 
transect was randomly selected.  From this point, I walked into the wetland until reaching 
open-water habitat and a depth ranging from 40-50 cm, where macroinvertebrates and 
CPOM were sampled.   
 Macroinvertebrates and CPOM were quantitatively sampled using a modified 36-cm 
diameter stovepipe (i.e., Hess) sampler (USEPA 2002, Stewart and Downing 2008).  The 
stovepipe sampler penetrated wetland sediments, traversed the entire water column, and 
extended above the water surface.  Once the sampler was placed on the substrate, 
macroinvertebrates and CPOM were trapped within the cylinder and exhaustive sampling 
occurred.  First, large CPOM was harvested from within the sampler by hand (Stewart and 
Downing 2008).  A fine mesh (250-μm) net was then used to collect the top 2.5 cm of bottom 
sediment and sweep through the entire water column until 10 consecutive sweeps produced 
no visible macroinvertebrates or CPOM (Stewart and Downing 2008).  All collected material 
that was retained by a 500-μm mesh sieve was preserved in a jar containing 5% buffered 
formalin and Rose Bengal dye.  Formalin was replaced with 70% ethanol after 24 h.  All five 
CPOM/macroinvertebrate samples from one wetland were composited into a single sample 
representative of that wetland.   
 
Field sampling of fish and salamanders 
Fish and salamanders can also have strong effects on wetland macroinvertebrate 
communities through a variety of direct and indirect mechanisms (Zimmer et al. 2003, 
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Hanson et al. 2005, Anteau and Afton 2008, Benoy 2008, Stewart and Downing 2008; Table 
1).  I used unbaited minnow traps and fyke nets to account for occurrence of these vertebrates 
in each wetland.  Sampling occurred once in each wetland from May 24-July 1, 2007.  One 
Gee’s style minnow trap (42 cm X 19 cm, 0.6-cm mesh, 2.5-cm diameter openings at both 
ends) was placed at each sampling station (n = 5) and a fyke net (oriented perpendicular to 
shoreline; 3.7 m long, 1.9-cm mesh size, 1.2 X 0.6 m opening) was deployed at three 
sampling stations (i.e., every second sampling station as I walked the wetland perimeter).  
Traps and nets were retrieved after 24 h.  Captured vertebrates were identified to species 
using standard taxonomic keys (Pflieger 1997) and numbers of individuals for each species 
were recorded.  Most specimens were identified and released in the field.  However, small 
fish that I could not identify in the field were narcotized with Tricaine Methanesulfonate 
(MS-222®), preserved in 5% formalin, and identified to species in the laboratory.   
 
Quantifying wetland area and surrounding land cover  
Wetland area (ha; bankfull) was quantified using the National Wetland Inventory 
database (NWI; http://www.fws.gov/nwi/; Detenbeck et al. 1999, Genet and Olsen 2006, 
Genet and Olsen 2008).  Areal land cover within a 50-m radius of each wetland perimeter 
(Anderson et al. 1999, Genet and Bourdaghs 2006) was quantified using digital polygons of 
distinct land cover categories (ArcGIS 9.2, 2006 ESRI).  Land cover categories (adapted 
from Anderson et al. 1976, Anderson et al. 1999, Detenbeck et al. 1999, Guntenspergen et al. 
2002, Tangen et al. 2003) included 1) % agriculture (i.e., cropland, pasture, confined animal 
feeding operations), 2) % urban (i.e., buildings, lawns, any impervious surface),                   
3) % grassland (i.e., naturally occurring herbaceous and shrubby vegetation including 
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prairie), 4) % tree/woodland (i.e., clusters of trees or extensive patches of tree cover), and    
5) % water (i.e., nearby wetland, lake, stream, water-filled ditch).  Land cover data originally 
generated by computer were verified or corrected for accuracy during visits to study sites.   
 
Macroinvertebrate and CPOM sample processing 
Each macroinvertebrate and CPOM sample was processed in the laboratory.  First, a 
comprehensive search for all large-bodied macroinvertebrates (i.e., individuals ≥ 2 cm long) 
was conducted by placing sample contents in a pan and carefully scanning the entire sample 
with an unaided eye (King and Richardson 2002).  All large-bodied macroinvertebrates from 
a single sample were transferred to their own container for storage.  By accounting for all 
large macroinvertebrates in a sample, I maximized the likelihood of obtaining accurate 
abundance estimates for relatively rare, large-bodied taxa (King and Richardson 2002).   
For practical reasons (e.g., a typical sample consisted of > 10 L of sediment), sub-
sampling was used to quantify abundance of small-bodied invertebrates.  After large-bodied 
macroinvertebrates were removed from the sample, sample contents were homogenized in a 
pan (2,496 cm²) that was marked with a grid consisting of ninety 27.5–cm² cells (King and 
Richardson 2002).  One cell was randomly selected and a small metal box frame was used to 
enclose cell contents and separate them from the remainder of the sample.  Scissors were 
then used to cut CPOM at cell margins so that only CPOM located within the cell would be 
collected.  A spatula, pipette, and forceps were used to transfer all macroscopic cell contents 
to a petri dish and contents were examined at 10X.  Macroinvertebrates were transferred to a 
container for storage.  After cell contents were processed, additional cells were randomly 
selected and processed in their entirety until at least two cells were processed and ≥ 500 
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macroinvertebrates were collected (exclusive of numbers collected during the comprehensive 
large-bodied macroinvertebrate search).  After macroinvertebrate sub-sampling was 
complete, all large CPOM (clumps or pieces ≥ 5 cm long) contained in the sample was 
removed by hand and transferred to a storage container.   
 
Determination of macroinvertebrate and CPOM abundance 
Standard taxonomic keys (McCafferty 1981, Merritt and Cummins 1996, Thorp and 
Covich 2001, Voshell 2002) were used to identify insects and gastropods to family, while 
other macroinvertebrates were identified to order, class, or phylum for practical reasons.  The 
level of taxonomic resolution used in my study was previously found to be sufficient for 
relating macroinvertebrate community characteristics and environmental features in wetlands 
(Bailey et al. 2001, Rader and Shiozawa 2001, Stewart and Downing 2008).   
Macroinvertebrate abundance values (i.e., biomass and numerical densities) for each 
wetland were based on invertebrates collected from sub-sampling and the comprehensive 
large-bodied search, while accounting for percentage of sample processed by sub-sampling 
(e.g., if only two cells were processed during sub-sampling, the total number of small-bodied 
invertebrates in the sample would be 45X the number collected or 2 x 45 = 90 cells).  
Numerical densities of macroinvertebrates were based on counts of individual organisms, 
whereas biomass was determined by drying macroinvertebrates at 60°C for 24 h and then 
ashing at 500°C for 4 h (APHA 2005).  Abundance was expressed in terms of horizontal 
bottom area (e.g., number of individuals/m2, g AFDW/m2) and total volumetric area sampled 
(e.g., number of individuals/m3, g AFDW/m3).  Volumetric abundance values, that accounted 
for the entire habitat sampled (i.e., bottom, water column, and water surface), were used in 
32 
statistical analyses.  Finally, CPOM abundance (g dry weight/m², g dry weight/m³) was 
determined by drying CPOM at 60°C for 24 h (APHA 2005).  Similar to macroinvertebrates, 
volumetric CPOM abundance values were used in statistical analyses.  
 
Macroinvertebrate community characteristics  
Macroinvertebrate abundance data were used to quantify several community 
characteristics for each wetland (Table 2).  General categories of community characteristics 
included 1) biomass, 2) numerical density (hereafter density), and 3) diversity.  Total 
macroinvertebrate biomass was calculated both inclusive and exclusive of crayfish so I could 
account for disproportionately large effects of large-bodied crayfish on total biomass.  
Biomass was reported as g AFDW (i.e., g macroinvertebrate-based organic matter) per unit 
area.  Additionally, biomass was reported as g dry weight (i.e., macroinvertebrate-based 
organic and inorganic matter) per unit area to enable comparison of my results with those 
from other studies that quantified biomass in terms of dry weight.  Primary density measures 
were total macroinvertebrate density and individual taxa densities, whereas total taxa 
richness (i.e., total number of taxa collected in a wetland) was the diversity measure I 
considered of primary importance.  Several additional density and diversity metrics that have 
been used in previous studies of Midwest USA and prairie pothole wetlands were also 
calculated (Table 2).  These included density metrics that were aggregates of related taxa 
(e.g., Mollusca density), taxa richness metrics based on specific taxonomic groups (e.g., 
Ephemeroptera, Odonata, Trichoptera (EOT) taxa richness), and diversity metrics based on 
percent of total macroinvertebrate density represented by numerically dominant taxa or a 
specific taxonomic group (% or proportional metrics; Table 2).     
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Data analysis  
Each wetland was treated as an independent sampling unit (n = 17).  Data for 
biological community characteristics and associated environmental features rarely meet all 
requisite assumptions of parametric statistical tests (e.g., normally distributed data, no 
correlation between magnitudes of sample means and variances, data respond linearly across 
an environmental gradient; Zar 1999, McCune and Grace 2002) and graphical assessment of 
data distributions confirmed this.  Therefore, prior to conducting statistical analyses, data 
were transformed to linearize and normalize data and reduce heteroscedasticity (Zar 1999, 
McCune and Grace 2002).  Data for macroinvertebrate biomass and taxa richness, dissolved 
oxygen, TN, TP, turbidity, CPOM, and wetland area were log10(X) transformed.  Data for 
land cover and proportional diversity metrics were arcsine-square root transformed.  Due to 
occurrence of “zero values” for many taxa in wetlands, data for macroinvertebrate density 
measures were log10(X+1) transformed.  
Multiple linear regression analyses (stepwise backward variable elimination) were 
used to examine relationships between environmental features and macroinvertebrate 
community characteristics (Philippi 1993, Zar 1999).  An individual regression analysis was 
performed on each measured macroinvertebrate community characteristic with exception of 
density metrics for taxa generally classified as “microfauna” (i.e., hydras, nematodes, 
ostracods, cladocerans, and calanoid, cyclopoid, and harpacticoid copepods) or any taxon 
that was collected from fewer than five of the 17 study wetlands.  I did not feel confident 
drawing conclusions from results of statistical relationships between density and 
environmental features in cases where a taxon occurred in few wetlands or when a high 
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number of individuals (i.e., microfauna) would not have been retained by the 500-µm mesh 
used to collect macroinvertebrates.   
With each step in a regression, I removed the environmental variable with the lowest 
partial effect indicated by the highest p-value until only environmental variables related (p ≤ 
0.05) to the macroinvertebrate variable remained (Philippi 1993, Zar 1999).   Prior to 
conducting regression analyses, I addressed potential collinearity problems caused by a 
combination of correlations among environmental features (i.e., independent variables) and 
the large number of environmental features measured in this study (Philippi 1993, Zar 1999).  
First, any environmental feature whose values varied little, if any, across wetlands was 
eliminated from consideration for use in regression analyses.  This was done because I would 
not have been able to provide reasonable ecological explanations for statistical relationships 
between this environmental feature and macroinvertebrate community characteristics.  Next, 
elimination of strong correlations among independent variables was necessary because 
inclusion of highly correlated independent variables in a multiple regression analysis can 
produce unreliable or spurious results (e.g., misleading regression coefficients, p-values; Zar 
1999, King et al. 2005).  Additionally, it is impossible to separate ecological effects of two 
highly correlated independent variables.  In other words, if two independent variables were 
highly correlated, it could not be determined if one, the other, or both independent variables 
had a causal effect on a related dependent variable (Zar 1999).    
Correlations undoubtedly occurred among land cover categories because an increase 
in percent cover of one category necessarily reduced percent cover in other categories (King 
et al. 2005).  I reduced collinearity problems due to land cover by eliminating % grassland 
and % tree/woodland variables (i.e., natural land cover categories) from regression analyses 
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and retaining % agriculture and % urban land cover variables that were clear indicators of 
human disturbance.  Macroinvertebrate responses to relatively undisturbed grassland and 
tree/woodland habitats could still be assessed based on strength and nature of responses to 
agriculture and urban land cover (i.e., a significant effect of % agriculture and/or % urban 
would imply a significant effect of % grassland and/or % tree/woodland; King et al. 2005).  
The land cover variable % water was also retained as a candidate variable in regression 
analyses due to numerous potentially important effects of nearby water sources on wetland 
ecosystem features (Detenbeck et al. 1999, Genet and Olsen 2008).   
Next, I conducted a correlation analysis of those independent variables (Pearson r 
correlation matrix) still being considered for inclusion in multiple regression analyses 
(Philippi 1993).  As recommended (Berry and Felman 1985, Megan et al. 2007), because my 
dataset consisted of fewer than 30 wetlands, I considered independent variables highly 
correlated if r > 0.70.  Where such strong correlations existed, I retained the one 
environmental feature for further consideration in regression analyses that, based on results 
from previous investigations (see references in Tables 1-2), was most likely to have a strong 
and interpretable effect on the macroinvertebrate community.  Last, variance inflation factors 
(VIFs) were calculated from relationships among independent variables still being considered 
for use in regression analyses (Philippi 1993).  VIFs were generated by conducting separate 
regressions of each independent variable on all other independent variables, resulting in one 
VIF for each variable (Philippi 1993, Kutner et al. 2005).  Occurrence of a VIF > 10 was 
considered indicative of continued collinearity problems in the data set (Philippi 1993, 
Kutner et al. 2005).  Collinearity problems would be addressed by removing one of the two 
mostly highly correlated variables from consideration for regression analyses (based on 
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criteria described above), recalculating VIFs using remaining independent variables, and 
repeating this procedure until collinearity problems were no longer evident.  Although only a 
subset of measured environmental features could be used in regression analyses, regression 
results were interpreted with the understanding that any apparent macroinvertebrate response 
to an independent variable included in the analysis could have also been due to any 
correlated independent variables.  Regression and collinearity analysis were conducted using 
SYSTAT 9.0 (SPSS Inc., 1999).    
In addition to multiple regression analyses, nonmetric multidimensional scaling 
ordination (NMDS, using Bray-Curtis distance measure) was used to further examine 
relationships between environmental features and macroinvertebrate densities (McCune and 
Grace 2002).  To increase the likelihood of identifying environmental features having the 
strongest effects on the invertebrate community, I included only those taxa occurring in at 
least five wetlands in this analysis and also omitted microfaunal taxa listed above (McCune 
and Grace 2002).  This analysis was performed using the software package R version 2.5.1 
(The R Foundation for Statistical Computing 2007). 
 
RESULTS 
Macroinvertebrate community characteristics 
 A total of 44 taxa were collected from wetlands included in my study (Table 3).  On 
average, an individual wetland yielded 20 taxa (mean ± SE = 20.4 ± 1.1, range = 11-27 
taxa/wetland; 0.50-m2 bottom area sampled in each wetland, with total volume sampled 
ranging from 0.20-0.25 m3; Appendix 2).  Numerically dominant taxa included nematodes, 
oligochaetes, leeches, non-biting midges, amphipods, ostracods, cladocerans, and cyclopoid 
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copepods (mean density > 1,000 individuals/m3; Table 3, Appendix 2).  Physid and planorbid 
snails, small squaregill mayflies, water boatmen, and calanoid and harpacticoid copepods 
were also very abundant (mean density > 500 individuals/m3; Table 3, Appendix 2).  
Collectively, taxa listed above constituted 98% of all macroinvertebrates collected from 
wetlands (mean ± SE total macroinvertebrate density = 145,137 ± 27,455, range = 31,688-
443,278 individuals/m3; Table 3, Appendix 2).  Based on densities and body sizes, taxa 
contributing substantially to total macroinvertebrate biomass across wetlands (mean ± SE = 
9.1 ± 3.0, range = 0.4-50.4 g AFDW/m3; Table 4, Appendix 3) included physid and planorbid 
snails, oligochaetes, leeches, small squaregill mayflies, narrowwinged damselflies, 
longhorned case maker caddisflies, water boatmen and backswimmers, predaceous diving 
and crawling water beetles, non-biting midges, amphipods, crayfishes, and aquatic sow bugs 
(Table 3, Appendix 2).   
 
Environmental features and independent variable selection for multiple regression analyses 
Land cover in the immediate vicinity of wetlands was dominated by grassland (mean 
± SE = 88.3 ± 3.4%, range = 56.3-100% of land cover within a 50-m radius of wetlands; 
Appendix 4).  On average, tree/woodland (mean ± SE = 5.5 ± 3.1%, range = 0-40.0%) and 
water (mean ± SE = 3.6 ± 1.7%, range = 0-22.6%) together constituted almost 10% of nearby 
land cover (Appendix 4).  Cover categories indicative of substantial human disturbance, 
specifically % agriculture (mean ± SE = 2.0 ± 0.8%, range = 0-10.5%) and % urban (mean ± 
SE = 0.6 ± 0.3%, range = 0-5.1%), made up less than 3% of land adjacent to wetlands 
(Appendix 4).  For reasons described above (i.e., elimination of collinearity problems), only 
% agriculture, % urban, and % water categories were included in regression analyses for 
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identifying relationships between environmental features and macroinvertebrate community 
characteristics.   
Of environmental features measured within wetlands, values for pH (overall mean ± 
SE = 8.8 ± 0.1, range = 7.9-9.4) and temperature (mean ± SE = 21.2 ± 0.2°C, range = 19.2-
22.6°C) varied little across wetlands and were not included as variables in regression 
analyses (Appendix 5).  I would not have felt confident interpreting results from any 
significant relationships between macroinvertebrate community characteristics and these 
environmental features.  Although spatial variation in wetland macroinvertebrate community 
characteristics has been observed across a similarly narrow range of pH values, I am only 
aware of this occurring when some study sites had pH values that were well below neutral 
levels (e.g., < 6; Driver 1977, Scudder 1987, Wrubleski 1987, Batzer et al. 2004, Tarr et al. 
2005, Woodcock et al. 2005).  Fish and/or salamanders were found in all 17 wetlands; 
recorded taxa included common carp (Cyprinus carpio; found in 1 wetland), fathead minnow 
(Pimephales promelas; 6 wetlands), black bullhead (Ameiurus melas; 6 wetlands), brook 
stickleback (Culaea inconstans; 1 wetland), green sunfish (Lepomis cyanellus; 4 wetlands), 
and larval tiger salamanders (Ambystoma tigrinum; 10 wetlands) (Appendix 6).  The variable 
fish/salamander presence was also excluded from regression analyses because all recorded 
vertebrate taxa prey on invertebrates and can influence macroinvertebrate communities 
(Hanson et al. 2005, Anteau and Afton 2008, Benoy 2008, Stewart and Downing 2008).  
Wetlands lacking vertebrate predators would have been required to statistically control for 
fish and salamander effects. 
Correlation analysis revealed strong positive relationships and high collinearity 
among turbidity and TN (Pearson r = 0.87), turbidity and TP (Pearson r = 0.77), and TN and 
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TP (Pearson r = 0.85).  Of these features, turbidity (mean ± SE = 17.8 ± 5.3 NTU, range = 
2.5- 63.5 NTU; Appendix 5) was most likely to have the strongest and most direct effect on 
macroinvertebrates.  Suspended and settling inorganic and organic particles are known to 
adversely affect macroinvertebrate respiration and reproduction and suppress plant growth 
(Euliss et al. 1999, Gleason et al. 2003, Stewart and Downing 2008).  Primary effects of 
nitrogen and phosphorus on macroinvertebrate communities are indirect and could be 
accounted for by other environmental features measured in this study.  For example, nitrogen 
and phosphorous stimulate phytoplankton blooms that increase turbidity, reduce macrophyte 
photosynthesis and CPOM abundance, and cause declines in dissolved oxygen following 
algal die-offs (Zimmer et al. 2003, Genet and Olson 2006).  I therefore, retained turbidity but 
did not include TN (mean ± SE = 1.9 ± 0.3 mg/L, range = 0.7-5.3 mg/L) and TP (mean ± SE 
= 0.3 ± 0.05 mg/L, range = 0.04-0.53 mg/L) in regression analyses (Appendix 5).  Variance 
inflation factors (VIFs) obtained from collinearity analysis of remaining candidate 
independent variables revealed no significant collinearity problems (VIFs < 2.45).  In 
summary, I included three land cover variables (% agriculture, % urban, % water), wetland 
area (mean ± SE = 3.27 ± 1.05 ha, range = 0.08-16.65 ha), dissolved oxygen (mean ± SE = 
8.3 ± 0.7 mg/L, range = 4.4-13.2 mg/L), turbidity, and CPOM (mean ± SE = 348.0 ± 81.9 
g/m3, range = 0.2-1,286.1 g/m3) as independent variables in regression analyses (Appendix 5, 
Appendix 7).  
 
Relationships between environmental features and macroinvertebrate metrics 
I used regression analysis to examine relationships between environmental features 
and a total of 52 macroinvertebrate metrics.  Four metrics were macroinvertebrate biomass-
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based metrics (Table 4, Appendix 3), 21 metrics were based on individual taxa densities 
(Table 3, Appendix 2), and 10 metrics were based on aggregate densities of related taxa, 
including total macroinvertebrate density (Tables 2-3, Table 5, Appendix 2).  Diversity-based 
metrics included 14 proportional metrics and three taxa richness based metrics, including 
total taxa richness (Tables 2-3, Table 5).  Because 52 independent regression analyses were 
conducted, likelihood of a type I error occurring somewhere in my results was very high (Zar 
1999).  While acknowledging the strong possibility of obtaining at least one statistically 
significant regression result that was purely due to chance, I did not use the Bonnferoni 
correction procedure to adjust the critical p-value and maintain overall likelihood of type I 
error at 0.05 (Scheiner 1993).  Due to the large number of regression analyses, use of this 
procedure would have reduced the critical p-value to such a low level (in this case, α = 
0.05/52 = < 0.001) that likelihood of detecting ecologically significant results would have 
been severely compromised.        
Thirty two macroinvertebrate metrics were significantly related to one or more 
environmental features.  These 32 metrics included all four biomass-based metrics, 11 
individual taxa density-based metrics, seven aggregate taxa density-based metrics, and 10 
diversity-based metrics, including seven proportional metrics and all three taxa richness 
metrics (Tables 6-8).  Twenty nine of these metrics were generally expected to respond 
positively to environmental features indicative of healthy wetlands.  Of these 29 metrics, 15 
were positively related to CPOM abundance (hereafter CPOM), seven were negatively 
related to turbidity, five were positively related to dissolved oxygen, four were positively 
related to % water, and two were positively and negatively related to wetland area and % 
urban, respectively (Tables 6-8).  However, not all metrics responded to environmental 
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features in the expected direction.  Of the 29 metrics that were expected to respond positively 
to indicators of water quality, one (crayfish density) was negatively related to CPOM, one 
(total Heteroptera density) was positively related to turbidity, four were positively related to 
% agriculture, three were negatively related to wetland area, and one was negatively related 
to % water (Tables 6-8).  Three metrics (% dominance metrics; % one, two, and three most 
abundant taxa) were expected to be positively related to environmental indicators of poor 
ecosystem health (Table 2, Table 8).  Consistent with hypotheses (Tables 1-2), one of these 
were positively related to % urban and % agriculture and two were negatively related to 
wetland area (Tables 6-8).  However, all three were positively related to dissolved oxygen 
and one was positively related to % water (Tables 6-8).      
Depending on how biomass was quantified, between 22% and 50% of variation in 
macroinvertebrate biomass was explained by environmental features included in regression 
analyses (Table 6).  Of environmental features, turbidity was most often related to biomass, 
being negatively related to three of four biomass metrics (Table 6).  However, relative 
magnitudes of standardized regression coefficients indicated that positive effects of dissolved 
oxygen, CPOM, and a nearby water body were greater than negative effects of turbidity for 
one or more biomass metrics (Table 6).  One biomass metric (total biomass expressed as g 
dry weight/m3) was positively related to % agriculture, whereas % urban land cover and 
wetland area were unrelated to biomass metrics (Table 6). 
Densities of mollusks, annelids, mayflies, dragonflies and damselflies, beetles, flies, 
and crayfishes were related to environmental features (Table 7).  In general, mollusk 
densities were negatively related to turbidity and positively related to CPOM (Table 7).  The 
apparent positive response of physid snails (Physidae) to CPOM contributed greatly to the 
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positive relationship between CPOM and total Mollusca density (Table 7).  In addition to 
lymnaeid and planorbid snails that were negatively related to turbidity, sphaeriid bivalves 
were negatively related to wetland area and % urban land cover (Table 7).  Oligochaete 
density was positively related to dissolved oxygen, whereas densities of leeches 
(Euhirudinea) were highest in large wetlands (Table 7).  As a group, mayflies, dragonflies 
and damselflies, and caddisflies (Caenidae, Odonata, and EOT density) were positively 
related to CPOM, as were multiple beetle taxa (Dytiscidae, Haliplidae, and total Coleoptera 
density; Table 7).  Densities of predaceous diving beetles (Dytiscidae) were also positively 
related to dissolved oxygen and negatively related to % of adjacent landscape covered by 
water (Table 7).  Total density of true bugs (Heteroptera) was the only metric in my data set 
that responded positively to turbidity (Table 7).  The positive relationship between 
numerically abundant non-biting midges (Chironomidae) and % agriculture contributed 
greatly to similar positive relationships between % agriculture and total Diptera (fly) and 
Insecta (insect) density (Table 7).  Total density of insects was also positively related to 
wetland area and negatively related to % urban land cover, although density of no individual 
insect taxon was significantly related to these features (Table 7).  Crayfish (Decapoda) 
density was positively related to % water and negatively related to turbidity, in addition to 
being the only metric in this study that was negatively related to CPOM (Table 7).  Total 
macroinvertebrate density was unrelated to all environmental features (p > 0.05).  
Results for regression analyses based on proportional diversity metrics were generally 
consistent with regression results based on densities of the same taxa.  The percentage of 
total macroinvertebrate density composed of oligochaetes increased with dissolved oxygen, 
but declined with increasing wetland area (Table 8).  Proportional abundance of Mollusca, 
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Odonata, and Coleoptera all increased as a function of increasing CPOM (Table 8).  Results 
for three additional metrics that represent inverse measures of taxa evenness (% most 
abundant taxon, % two most abundant taxa, % three most abundant taxa) were heavily 
influenced by density and proportional abundance responses of numerically dominant 
oligochaetes (Oligochaeta) and non-biting midges (Chironomidae) to environmental features 
(Table 3, Tables 7-8).  Similar to % Oligochaeta, all three of these metrics were positively 
related to dissolved oxygen, and similar to Chironomidae density, two of these metrics were 
positively related to % agriculture (Tables 7-8).  The percentage of total macroinvertebrate 
density represented by the numerically dominant taxon (% most abundant taxon) also 
increased with % urban and % water and declined with increasing wetland area (Table 8).  
The percentage of total macroinvertebrate density represented by the two most numerically 
dominant taxa (% two most abundant taxa) was also negatively related to wetland area (Table 
8).  Finally, all three taxa richness metrics were positively related to CPOM, including EOT 
taxa richness, Insecta taxa richness, and total macroinvertebrate taxa richness (Table 8).  
Total taxa richness was also negatively related to turbidity, with CPOM and turbidity 
together explaining 68% of the variance in total taxa richness across wetlands (Table 8).   
 
Ordination of macroinvertebrate densities  
NMDS results (two dimensions, 1,000 permutations, final stress of best solution = 
15.2) generally supported those from multiple regression analyses of individual taxa densities 
on environmental features, while also providing additional insight into relationships among 
macroinvertebrates and environmental features (Figure 2).  Visual portrayal of results in an 
NMDS biplot suggested that CPOM had the strongest overall association with 
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macroinvertebrate densities, followed by turbidity (Figure 2).  CPOM vector length, in 
combination with the many positive associations between individual taxa and CPOM in the 
NMDS plot, illustrated overwhelmingly positive relationships between CPOM and 
macroinvertebrate densities (Figure 2).  Vector length also indicated that turbidity was 
strongly related to macroinvertebrate densities, but lack of taxa associated with this vector 
suggested these relationships were negative (Figure 2).  Vector positions in the biplot also 
reflect negative relationships between CPOM and turbidity (Figure 2).  Based on vector 
lengths and spatial distributions of taxa in the plot, overall effects of dissolved oxygen, 
wetland area, and land cover were of intermediate importance or relatively weak (Figure 2).   
 
DISCUSSION 
Macroinvertebrate community characteristics in Iowa prairie pothole wetlands 
In terms of densities and biomass, dominant macroinvertebrates in semipermanent 
and permanent prairie wetlands of north-central Iowa included nematodes, snails, 
oligochaetes, leeches, mayflies, damselflies, caddisflies, true bugs, beetles, non-biting 
midges, and crustaceans (e.g., amphipods, crayfishes, aquatic sow bugs, ostracods, 
cladocerans, copepods).  Collectively, these taxa have diverse food and habitat requirements 
and are functionally important agents of energy and nutrient transformations and flow 
pathways in wetlands (Euliss et al. 1999, Murkin and Ross 2000, Cummins and Merritt 
2001).  Shredders (amphipods, crayfishes, aquatic sow bugs) and collector-gatherers 
(oligochaetes, small minnow and small squaregill mayflies, longhorned case maker 
caddisflies, water boatmen, non-biting midges) were well-represented in my study wetlands, 
where they consume CPOM and fine-particulate organic matter (FPOM), respectively 
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(Murkin and Ross 2000, Cummins and Merritt 2001, Thorp and Covich 2001).  Scrapers 
(physid and planorbid snails) and plant piercers (crawling water beetles) consume periphyton 
and plant fluids, whereas predator-engulfers (leeches, narrowwinged damselflies, longhorned 
case maker caddisflies) and predator-piercers (backswimmers) consume other invertebrates 
and small vertebrates (Murkin and Ross 2000, Cummins and Merritt 2001, Thorp and Covich 
2001).  A variety of functional habit groups were also represented and distinguished by 
habitat and mode of movement (Cummins and Merritt 2001).  These included clingers (non-
biting midges), climbers (darner dragonflies and narrowwinged damseflies), crawlers 
(planorbid snails), sprawlers (physid snails, small squaregill mayflies, harpacticoid 
copepods), burrowers (oligochaetes, non-biting midges), swimmers (leeches, small minnow 
mayflies, amphipods), divers (water boatmen and backswimmers), and planktonics 
(cladocerans, calanoid copepods; Cummins and Merritt 2001, Thorp and Covich 2001). 
 To gain insight into environmental conditions within my study wetlands, I compared 
macroinvertebrate community survey results to those from other Midwest and PPR wetlands.  
Included in survey comparisons were results that were published in peer-reviewed journals.  I 
omitted results from riverine, coastal (i.e., wetland connected to a large lake), or heavily 
forested wetlands because such wetlands were so ecologically dissimilar to my wetlands that 
I did not feel confident attributing community differences to ecosystem health. 
 Considering the ecological importance of Midwest and PPR wetlands, the extensive 
geographic area covered, and acknowledged values of macroinvertebrates, I found relatively 
few quantitative data for macroinvertebrate densities in the peer-reviewed literature review.  
Comparisons were also compromised by extensive variability in macroinvertebrate sampling 
methodology across studies.  Nevertheless, some useful information was obtained and 
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patterns were detected through reviewing survey results.  Abundant macroinvertebrate taxa 
of north-central Iowa wetlands were generally similar to Midwest and PPR wetlands.  
Excluding taxa typically classified as microfauna (i.e., hydras, nematodes, ostracods, 
cladocerans, and calanoid, cyclopoid, and harpacticoid copepods), the most frequently 
reported macroinvertebrate taxa were physid and planorbid snails, fingernail clams, 
oligochaetes, leeches, small minnow and small squaregill mayflies, narrowwinged and 
spreadwinged damselflies, skimmer dragonflies, giant water bugs, water boatmen, water 
striders (Class Insecta, order Heteroptera, family Gerridae), backswimmers and pygmy 
backswimmers, longhorned case maker caddisflies, predaceous diving and crawling water 
beetles, water scavenger beetles, biting midges, phantom and nonbiting midges, mosquitoes 
(Class Insecta, order Diptera, family Culicidae), amphipods, and aquatic sow bugs (e.g., 
Euliss et al. 1999, Foote and Rice 2005, Hanson et al. 2005, Staczak and Keiper 2004, Genet 
and Bourdaghs 2006, Spieles et al. 2006, Anteau and Afton 2008, Irwin et al. 2008, Stewart 
and Downing 2008).   
Densities of many taxa in my study were also similar to densities recorded in other 
Midwest and PPR wetlands.  Such taxa included physid and planorbid snails, leeches, 
oligochaetes, giant water bugs, pygmy backswimmers, longhorned case maker caddisflies, 
giant case maker caddisflies, whirligig and crawling water beetles, phantom midges, soldier 
flies, and deerflies/horseflies (e.g., Dineen 1953, Daborn 1974, Voigts 1976, Broschart and 
Linder 1986, Gordon et al. 1990, Hershey et al. 1998, Stewart and Downing 2008).  Due to 
their value as food resources for migratory and nesting waterbirds, non-biting midges and 
amphipods are of particular interest to wetland ecologists (Kostecke et al. 2005, Anteau and 
Afton 2008).  Average densities of non-biting midges in my study wetlands (approximately 
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16,000 individuals/m2, 37,700 individuals/m3; Table 3) were higher or only slightly lower 
than those recorded in other Midwest and PPR wetlands (Dineen 1953, Daborn 1974, Voigts 
1976, Broschart and Linder 1986, Gordon et al. 1990, Hershey et al. 1998, Hershey et al. 
1999, Kostecke et al. 2005, Stewart and Downing 2008).  However, non-biting midge 
densities were quite variable in my wetlands and 5 of 17 (29%) of study wetlands had 
densities below the threshold density of 5,000 individuals/m2 that has been proposed as 
necessary to support migrating and breeding waterfowl (Kostecke et al. 2005; Appendix 2).  
Similarly, average amphipod densities in my study (approximately 2,900 individuals/m2 or 
6,900 individuals/m3; Table 3) were higher than those reported from many other Midwest 
and PPR wetlands (Voigts 1976, Broschart and Linder 1986, Gordon et al. 1990, Anteau and 
Afton 2008).  However, overall densities were lower than those reported from prairie pothole 
wetlands by Wen (1992) and amphipods were not recorded in 7 out of 17 (41%) of my study 
wetlands (Appendix 2).  In recent studies, Anteau and Afton (2006, 2008) reported very low 
amphipod densities from prairie pothole wetlands, and hypothesized that fish predation and 
increased turbidity and declining plant abundance caused by fish and agricultural pollutants, 
were causing declines in amphipod abundance in the PPR.  Anteau and Afton (2006, 2008) 
attributed recent population declines in lesser scaup to declining abundance of amphipods in 
prairie pothole wetlands that functioned as resting and feeding sites for these waterfowl.  Due 
to absence of statistically significant relationships between amphipod density and 
environmental features, I was unable to identify factors potentially regulating amphipod 
abundance in my study.   
Densities of fingernail clams, water boatmen, and water scavenger beetles were lower 
in my study than in many other surveys of Midwest and PPR wetlands.  Commonly reported 
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taxa that were absent in my study included water striders (Class Insecta, order Heteroptera, 
family Gerridae), mosquitoes (Class Insecta, order Diptera, family Culicidae), and crane flies 
(Class Insecta, order Diptera, family Tipulidae).  Predation by fish and salamanders can 
dramatically reduce invertebrate abundance in wetlands and abundant predators in my study 
wetlands must be considered as a potential cause for relatively low densities of some taxa 
(Hanson et al. 2005, McParland and Paszkowski 2006, Benoy 2008, Stewart and Downing 
2008).  However, water boatmen abundance has been found to increase in the presence of 
fish and under highly turbid conditions, perhaps due to fish-induced reductions in abundance 
of invertebrate predators or increased availability of FPOM (Cummins and Merritt 2001, 
Zimmer et al. 2002, Genet and Bourdaghs 2006).  Absence of mosquitoes from sampling 
stations was not surprising because these insects are often absent from open-water habitats 
with abundant fish that readily consume them (Mercer et al. 2005, Irwin et al. 2008).   Water 
striders actively evade approaching humans and are difficult to capture using sampling 
methods employed in this study.  Densities of fingernail clams were negatively related to 
urban land cover in my study and in previous wetland studies (King et al. 2000).  However, 
very little urban cover surrounded my study wetlands (< 5%) and apparent response of these 
bivalves to urban land cover in my study must therefore be interpreted cautiously.  
In one study of recently-constructed wetlands in central Iowa, Stewart and Downing 
(2008) sampled macroinvertebrates from the same depths and habitat zones, used identical 
collection methods, and conducted sampling during the same time of year as in my study.  
Consequently, any differences in macroinvertebrate communities between these studies could 
be attributed to ecosystem characteristics, not sampling methodology.  Mean densities of 
several taxa in Stewart and Downing (2008) were substantially higher than they were in my 
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study, including turbellarians, physid snails, small minnow and small squaregill mayflies, 
narrowwinged damselflies, skimmer dragonflies, and biting midges.  Total macroinvertebrate 
biomass (mean = 16.4 g AFDW/m3) and densities (mean = 372,096 individuals/m2) were also 
2X higher in Stewart and Downing (2008) than in my study wetlands.  Many 
macroinvertebrates rapidly colonize new wetlands, especially taxa that disperse through 
flight or wind-borne propagules (Euliss et al. 1999, Gleason et al. 2004, Stanczak and Keiper 
2004, Wrubleski 2005, Spieles et al. 2006).  It was therefore not surprising that 
macroinvertebrate abundance was high in these two-year old wetlands, but the greater 
abundance of so many taxa in these new wetlands relative to my study sites is contrary to 
expectations.  Similar to my study sites, wetlands of Stewart and Downing (2008) were 
inhabited by fish and had turbidity that was comparable to or higher than (up to 94 NTU) 
turbidity in my study wetlands.  Therefore, turbidity and differential effects of fish (e.g., 
predation) were unlikely causes for macroinvertebrate abundance differences between these 
studies.  However, in contrast to my study wetlands, those of Stewart and Downing (2008) 
were connected to streams that were potential sources of invertebrate colonists (Rehage and 
Trexler 2006).  Immigration from streams likely enabled wetlands of Stewart and Downing 
(2008) to be colonized rapidly and subsequently allow populations within the wetland to 
recover quickly from periodic declines (Rehage and Trexler 2006).  Additionally, streams 
can enhance secondary productivity in wetlands through allochthonous inputs of organic 
matter that benefit collector-gatherers and their predators (Spieles and Mitsch 2003, Rehage 
and Trexler 2006).  Some constructed wetlands surveyed by Stewart and Downing (2008) 
also contained greater CPOM abundance (up to 2,447 g dry weight/m3) than the wetlands I 
surveyed (CPOM abundance < 1,286 g/m3).  CPOM is a critical food and habitat resource for 
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many invertebrates and their prey and results from my study and previous studies 
demonstrate strong positive relationships between CPOM abundance, total macroinvertebrate 
biomass and densities, and densities of several taxa listed above, including physid snails, 
small squaregill mayflies, and narrowwinged damselflies (Hornung and Rice 2003, Spieles 
and Mitsch 2003, Foote and Hornung 2005, Stewart and Downing 2008).   
However, leeches, broadwinged and spreadwinged damselflies, backswimmers and 
pygmy backswimmers, leaf beetles, soldier flies, isotomid springtails, conchostracans, and 
aquatic sow bugs were far more abundant in my study wetlands than in those of Stewart and 
Downing (2008).  If they do not enter wetlands in stream flow, flightless taxa, including 
leeches and aquatic sow bugs, would be expected to occur at low densities in the recently 
constructed wetlands of Stewart and Downing (2008) because they have limited dispersal 
capabilities (Euliss et al. 1999).  Several additional taxa, including damselflies, may not 
become abundant until plant communities are well established (Foote and Hornung 2005).  
Anecdotal observations indicated that CPOM composition in Stewart and Downing (2008) 
and my study was different.  CPOM in my study wetlands was composed of a greater 
percentage and total abundance of living plants relative to those of Stewart and Downing 
(2008) that contained a greater quantity of coarse detritus of allochthonous origins.  Many 
damselflies require aquatic vegetation as habitat and even use occurrence of vegetation as 
cues for ovipositing sites (Hornung and Rice 2003).  
Finally, mean densities of lymnaeid snails, broadwinged and spreadwinged 
damselflies, darner dragonflies, backswimmers, leaf and predaceous diving beetles, isotomid 
springtails, conchostracans, crayfishes, and aquatic sow bugs were higher in my study than in 
any other survey of Midwest and prairie pothole wetlands that I discovered during my 
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literature review.  Long hydroperiods in my study wetlands relative to many others that were 
surveyed is one possible cause for high abundance of these taxa.  Lymnaeid snails, 
backswimmers, predaceous diving beetles, and darner dragonflies have previously been 
found to be more abundant in semipermanent and permanent wetlands than ephemeral 
wetlands (Schneider 1999, Euliss and Mushet 2004, Tarr et al. 2005).  Many of these taxa are 
poorly adapted to ephemeral wetlands because they lack terrestrial or desiccation-resistant 
life stages or have long developmental periods as aquatic larvae (Euliss and Mushet 2004, 
Tarr et al. 2005).  To some extent, surrounding land cover might also be responsible for high 
densities of these taxa in my study wetlands.  In contrast to many previously surveyed 
wetlands that were situated within highly-disturbed agricultural or urban landscapes, most of 
my study wetlands were bordered by natural vegetative cover (e.g., grassland).  Runoff from 
agricultural and urban landscapes can degrade water and habitat quality through elevated 
inputs of toxic chemicals, by increasing turbidity and water column concentrations of 
nitrogen and phosphorus and by facilitating declines in dissolved oxygen (King et al. 2000, 
Detenbeck et al. 2002, Guntenspergen et al. 2002).  Sediment inputs are of particular concern 
as increased turbidity reduces plant growth and eliminates macroinvertebrate habitat (e.g., for 
damselflies, dragonflies, and predaceous diving beetles) and settling sediments interfere with 
invertebrate respiration and prevents egg development (Detenbeck et al. 2002, Gernes and 
Helgen 2002, Guntenspergen et al. 2002, Gleason et al. 2003, Hornung and Rice 2003, 
Tangen et al. 2003).  Negative effects of sediment loading on plant growth and abundance of 
damselflies and dragonflies and predaceous diving beetles have been quantified elsewhere in 
the PPR (Hornung and Rice 2003).   
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Relationships between environmental features and macroinvertebrate metrics 
Based on number, direction, and strength of statistical relationships, my results 
suggest that CPOM abundance and turbidity were key determinants of macroinvertebrate 
community structure in Iowa prairie pothole wetlands.  CPOM abundance, a composite 
measure of coarse detritus and living plants, was positively related to several biomass, 
density, and diversity metrics.  In contrast, turbidity, a measure of particulate matter 
suspended in the water column, was negatively related to several metrics.  Plants and coarse 
detritus are important food and habitat resources for macroinvertebrates, whereas turbidity is 
indicative of degraded conditions in wetlands, including high external sediment and nutrient 
inputs, and sediment resuspension and phytoplankton blooms generated by activities of 
benthivorous fishes (Gernes and Helgen 2002, Anteau and Afton 2008, Stewart and Downing 
2008).  Therefore, strong positive and negative responses of macroinvertebrates to CPOM 
and high turbidity, respectively, were expected.   
As in our study, total macroinvertebrate biomass, densities of physid snails, small 
squaregill mayflies and other EOT taxa, and total taxa richness were positively related to 
CPOM and/or negatively related to turbidity in other Midwest and prairie pothole wetlands 
(Gernes and Helgen 2002, Hornung and Rice 2003, Spieles and Mitsch 2003, Foote and 
Hornung 2005, Stewart and Downing 2008).  Crayfish can consume large quantities of plants 
and coarse detritus and this might account for the negative relationship between CPOM and 
crayfish density observed in my study (USEPA 2002).  The positive relationship I observed 
between turbidity and total Heteroptera density might result from positive, yet statistically 
nonsignificant, responses of water boatmen and other true bugs to turbidity and related 
environmental features.  In previous studies of prairie pothole wetlands, water boatmen 
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densities have increased under highly turbid conditions and in the presence of fish (Zimmer 
et al. 2002, Hanson et al. 2005). 
Relative to CPOM and turbidity, relationships between macroinvertebrate metrics and 
other environmental features were weaker and more difficult to interpret.  Few metrics were 
related to dissolved oxygen, but stronger relationships might have been observed if dissolved 
oxygen was measured prior to dawn when concentrations would have been at their lowest. 
Weak overall responses to land cover in my study were understandable, considering the small 
percentage of disturbed agricultural and urban land cover adjacent to wetlands.  However, 
weak relationships between land cover and macroinvertebrate community characteristics 
have previously been documented in the PPR, even when variation in adjacent land cover 
(i.e., ranging from 100% grassland to 100% agriculture) was considerable (Tangen et al. 
2003).  Macroinvertebrates are generally adversely affected by agricultural and urban land 
practices (King et al. 2000, Guntenspergen et al. 2002, Gleason et al. 2003).  As in our study, 
King et al. (2000) found a negative relationship between urban land use (i.e., occurrence of 
nearby roadways) and fingernail clam abundance.  However, non-biting midge densities have 
been observed to increase in response to external inputs of nutrients and organic matter that 
are associated with agriculture (Tangen et al. 2003).  It was unclear if nutrient or organic 
matter inputs were related to agricultural cover in my study.  However, the positive 
relationships between % agriculture and non-biting midge density that I quantified, which in 
turn drove positive responses of total Diptera and Insecta density to agriculture, was not 
surprising.  Nearby water sources can function as sources of macroinvertebrate populations 
and therefore increase immigration rates (Spieles and Mitsch 2000, Rehage and Trexler 
2006).  This might be the mechanism accounting for the positive relationship between % 
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water and crayfish density in my study.  However, nearby water bodies, including connected 
ditches, can also contribute inorganic sediments and organic matter and increase colonization 
rates by predatory fish, which can cause declines in macroinvertebrate density 
(Guntenspergen et al. 2002, Rehage and Trexler 2006).  Finally, despite the potential for 
larger ecosystems to support a greater abundance and diversity of organisms, wetland area 
had no clear negative or positive effect on macroinvertebrate communities in my study 
(Driver 1977, Guntenspergen et al. 2002).   
Proportional metrics that quantify percent dominance (i.e., % most abundant, two 
most abundant, and three most abundant taxa), were expected to respond positively across a 
gradient of declining wetland health due to declining populations of all but the most tolerant 
taxa (Gernes and Helgen 2002, USEPA 2002, Genet and Bourdaghs 2006).  In my study, 
percent dominance metrics were positively related to urban and agricultural land cover, 
which were indicators of human disturbance, but were also positively related to dissolved 
oxygen, an indicator of good ecosystem health.  Relationships between percent dominance 
and environmental features were heavily influenced by densities of oligochaetes and non-
biting midges that were numerically dominant taxa in many study wetlands and were 
positively related to dissolved oxygen and agricultural land cover, respectively. 
 
Candidate metrics and a preliminary ecosystem health index for Iowa prairie pothole 
wetlands 
 I compiled a set of eight metrics that collectively appeared to have strong potential for 
assessing ecosystem health in semipermanent and permanent wetlands of the Iowa PPR 
(Table 9).  Consistent with principles of metric selection in previously employed 
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bioassessment tools (i.e. IBIs), several of my candidate metrics were selected because of their 
statistical relatedness to physicochemical indicators of water and habitat quality in my study 
and in past studies (USEPA 2002, Guntenspergen et al. 2002, Genet and Bourdaghs 2006).  
However, metrics widely recognized as reflective of vertebrate wildlife habitat and food 
resources were also included in my set of metrics, although these metrics were not 
necessarily strongly related to environmental features in this or previous studies.  Candidate 
metrics are intended to provide a framework for developing a standard set of metrics for 
inclusion in a new ecosystem health index for semipermanent and permanent Midwest and 
prairie pothole wetlands.  This index differs from other bioassessment indices (e.g., IBIs) in 
that it is intended to evaluate a multitude of important wetland conditions and functions, 
including secondary production and vertebrate wildlife food resources, in addition to water 
and habitat quality.   
Total macroinvertebrate biomass (g AFDW/m3) is a measure of macroinvertebrate 
production and was selected as a candidate metric because it reflects total energy available to 
higher trophic levels (e.g., vertebrate wildlife), in addition to several other ecosystem 
conditions (USEPA 2002; Table 9).  Other biomass metrics were not selected because they 
were redundant with (i.e., accounted for by) the selected biomass metric and did not reflect 
total energy available to higher trophic levels because crayfish were excluded and/or large 
quantities of non-metabolizable material (e.g., weight of shells and exoskeletons) were 
included.  Total densities of Mollusca, EOT, and Coleoptera were selected as candidate 
metrics because of their strong association with environmental features in this study and 
several previous studies (USEPA 2002, Genet and Bourdaghs 2006, Stewart and Downing 
2008).  Other density metrics for mollusks (i.e., Lymnaeidae, Physidae, Planorbidae, 
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Sphaeriidae), EOT (Caenidae, total Odonata), and Coleoptera (Dytiscidae, Haliplidae) had 
strong potential as useful metrics, but were not selected as candidate metrics because of 
redundancy issues.  Non-biting midge (Chironomidae) and amphipod (Amphipoda) densities 
were, at best, weakly correlated with environmental features in my study and responded 
inconsistently across ecosystem health gradients in previous studies (Lindeman and Clark 
1999, Genet and Bourdaghs 2006, McParland and Paskowski 2006, Anteau and Afton 2008).  
However, I included Chironomidae and Amphipoda densities as candidate metrics because 
these taxa have been identified as important waterfowl food resources in the Midwest and 
PPR and their densities in wetlands may greatly affect waterfowl abundance and reproductive 
success (Kostecke et al. 2005, Wrubleski 2005, Anteau and Afton 2006, Anteau and Afton 
2008; Table 9).  Although other density metrics (Oligochaeta density, Euhirudinea density, 
Decapoda density, total Heteroptera density, total Diptera density, and total Insecta density) 
were related to environmental features in my study, they were also rejected as candidate 
metrics due to high redundancy with selected candidate metrics, difficulties in providing 
ecological explanations for responses to environmental features, or indistinct patterns of 
response to environmental features in my study and in previous studies (Tangen et al. 2003, 
Hanson et al. 2005, Genet and Bourdaghs 2006, McParland and Paskowski 2006). 
Taxa richness metrics may be the best macroinvertebrate-based measures of overall 
wetland ecosystem health and two of them were included in my list of candidate metrics 
(Table 9).  EOT taxa richness is quite useful because this metric accounts for occurrence of 
taxa that are especially sensitive to both plant abundance and a variety of environmental 
stressors (USEPA 2002, Genet and Bourdaghs 2006).  Perhaps no metric reflects habitat 
abundance and diversity and water quality as well as total taxa richness, which accounts for 
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all taxa that can survive in the wetland (Guntenspergen et al. 2002, USEPA 2002, Genet and 
Bourdaghs 2006).  Insecta taxa richness was not included in my final list of candidate metrics 
because of it was highly redundant with EOT and total taxa richness.  Proportional metrics, 
although often informative, were also excluded from my list of candidate metrics.  Because 
proportional metric values are dependent upon numerical responses of all taxa, they can 
exhibit inconsistent responses across ecosystem health gradients and are of questionable 
reliability in a bioassessment index. 
 I evaluated my set of candidate metrics by incorporating them into a simple and 
preliminary ecosystem health index that was based on rankings of individual wetlands for 
metric scores (Table 9).  In this index, each wetland was assigned a score for each metric that 
was determined from its overall rank for that metric.  For example, in my study of 17 
wetlands, the wetland with the highest total macroinvertebrate biomass (Haugen) was 
assigned a score of “17” and the wetland with the lowest biomass (Eagle Flatts) received a 
score of “1” (Table 9).  This procedure was repeated for all metrics, with the wetland having 
the highest value for a metric receiving the highest score for that metric, etc. (Table 9).  A 
wetland’s ecosystem health index score was obtained by summing scores for all metrics.  The 
wetland with the highest ecosystem index score (e.g., Pilot Knob Recreation Area) was 
assigned the highest ecosystem health ranking of all surveyed wetlands (Table 9).  Assuming 
my set of study wetlands represented a strong ecosystem health gradient, results suggest that 
Pilot Knob Recreation Area and other wetlands with high ecosystem index scores were in 
better condition than wetlands with low index scores (e.g., Eagle Flatts; Table 9).    
To gain some insight into effectiveness and reliability of the ecosystem health index 
and its component metrics, I used NMDS ordination to describe relationships between 
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individual wetlands and environmental features (two dimensions, 1,000 permutations, final 
stress of best solution = 15.2).  There was strong agreement between ecosystem health index 
scores and NMDS results (Table 9, Figure 3).  For example, biplot locations of wetlands 
having the lowest ecosystem health index scores and rankings (i.e., Eagle Flatts, C.A. Block, 
and Union Hills East; Table 9) reflected their relatively high turbidity and/or low CPOM 
abundance (Figure 3, Table 9, Appendix 5, Appendix 7).  In contrast, spatial distributions of 
wetlands with highest index scores and ranks (e.g., Pilot Knob Recreation Area, Sandpiper 
North and South, Elk Creek, and Teal Basin) reflected their high CPOM abundance and/or 
low turbidity (Table 9, Figure 3, Appendix 5, Appendix 7).  Strong relationships between 
environmental features and index scores/rankings of individual wetlands suggest that my 
candidate metrics and ecosystem health index has potential for evaluating relative differences 
in wetland ecosystem health.    
 
CONCLUSIONS 
 
This is one of very few studies to produce quantitative descriptions of 
macroinvertebrate community characteristics in Iowa prairie pothole wetlands.  This basic 
information is necessary for evaluating current conditions in these ecosystems and provides 
essential baseline data for assessing future changes in their health.  My results suggest that 
CPOM abundance and turbidity are key determinants of macroinvertebrate abundance and 
diversity in semipermanent and permanent wetlands of north-central Iowa.  Because 
turbidity, nitrogen, and phosphorous were positively correlated in this study, results also 
suggest that turbidity is a valid surrogate measure for nitrogen and phosphorus.  In 
combination with CPOM abundance and turbidity, several macroinvertebrate community 
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characteristics or metrics appeared to be strong indicators of wetland ecosystem health.  A 
simple multimetric ecosystem health index based on eight of these metrics (total 
macroinvertebrate biomass, Chironomidae density, Amphipoda density, total Mollusca 
density, EOT density, total Coleoptera density, EOT taxa richness, and total taxa richness) 
appears to have considerable potential for assessing relative differences in the health of 
semipermanent and permanent prairie pothole wetlands in north-central Iowa.  Programs 
designed to assess and monitor wetland ecosystem health should consider measurement of 
macroinvertebrate metrics and CPOM abundance and turbidity as standard practices.  I 
emphasize the preliminary nature of candidate metrics and the ecosystem health index 
presented here.  Future studies should focus on evaluating reliability of these and other 
metrics so that a standard set of valid metrics can be established.  Additionally, attention 
should be directed toward developing a user-friendly ecosystem health index that reflects 
multiple ecosystem conditions and functions, including water and habitat quality and 
vertebrate food availability.  Finally, wetland management practices in north-central Iowa 
should focus on increasing plant production and reducing turbidity to improve wetland health 
and enhance vertebrate food resources.  Fish are common in these wetlands and are well 
known to increase turbidity and water column nutrient concentrations and reduce plant and 
macroinvertebrate abundance.  Therefore, a key to improving wetland health will be 
eliminating fish populations from wetlands and preventing reinvasion by these vertebrates.   
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Figure 1.  Map of Iowa and the study area.  Points represent wetlands included in the study.   
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Figure 2.  Nonmetric multidimensional scaling (NMDS) plot illustrating strength and nature 
of relationships between densities of macroinvertebrate taxa and environmental features 
included in regression analyses.  Length of vector representing an environmental feature 
illustrates strength of relationship between this feature and macroinvertebrate densities.  Taxa 
positively related to an environmental feature are generally associated with the vector 
representing that feature, whereas a considerable spatial distance between a taxon and a 
vector illustrates a negative relationship between these variables.   
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Figure 3.  Nonmetric mulitdimensional scaling (NMDS) plot illustrating relationships 
between environmental features and individual wetlands.  Lengths and directions of vectors 
for the environmental features indicate strengths and directions of overall effects on the 
community.  Wetlands located near vectors were related to the environmental feature 
represented by that vector.   
 
 Table 1.  Measured environmental features, with predicted effects on wetland ecosystem health and overall macroinvertebrate 
abundance (i.e., total biomass, total density) and diversity (i.e, total taxa richness).  See text for detailed descriptions of 
environmental features.  Predicted effects of environmental features were based on previous studies conducted in other wetlands in 
the Midwest USA and PPR (see references).  In constructing hypotheses, I excluded studies (and references) from riverine/riparian 
or coastal (i.e., those connected to a lake) wetlands, or heavily forested wetlands, because many basic environmental features of 
these wetlands differed from those included in my study.   
Feature  Predicted 
effect on 
wetland 
ecosystem 
health 
Mechanism for 
effect on ecosystem 
Predicted 
effect on 
invertebrate 
abundance, 
diversity 
Mechanism for effect 
on invertebrates 
References 
Surrounding land cover  
% Agriculture  Negative 
 
  
Eutrophication and 
high turbidity due 
to inputs of 
nutrients and 
sediments; toxic 
effects of synthetic 
chemicals 
(pesticides)  
Negative Reduced habitat quality 
due to sedimentation, 
high turbidity, reduced 
CPOM (plants); 
nutrient loads promote 
algal blooms with 
dissolved oxygen 
declines following 
algal death and 
decomposition; 
pesticide toxicity 
Detenbeck et al. 1999, Euliss 
and Mushet 1999, Euliss et 
al. 1999, Galatowitsch et al. 
1999, Lindeman and Clark 
1999, Helgen and Gernes 
2001, Gernes and Helgen 
2002,  Guntenspergen et al. 
2002, Gleason et al. 2003, 
Hornung and Rice 2003, 
Tangen et al. 2003, Foote and 
Hornung 2005, Genet and 
Olsen 2006, Anteau and 
Afton 2008, Genet and Olsen 
2008 
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 Table 1. Continued      
Feature  Predicted 
effect on 
wetland 
ecosystem 
health 
Mechanism for 
effect on ecosystem 
Predicted 
effect on 
invertebrate 
abundance, 
diversity 
Mechanism for effect 
on invertebrates 
References 
% Urban  Negative Inputs of  
sediments, 
hydrocarbons, 
heavy metals, 
synthetic chemicals 
Negative Chemical toxicity; 
sediment increases 
turbidity and eliminates 
CPOM (e.g., plant) that 
provides habitat and 
food  
Anderson and Vondracek 
1999, Detenbeck et al. 1999, 
Euliss et al. 1999, 
Galatowitsch et al. 1999, 
Helgen and Gernes 2001, 
Gernes and Helgen 2002, 
Tangen et al. 2003, Genet 
and Olsen 2006, Genet and 
Olsen 2008 
% Grassland  Increase Terrestrial 
vegetation reduces 
sediment inputs by 
trapping sediment 
particles and 
slowing surface 
water flow  
Increase Increased CPOM 
(plant) abundance due 
to lower turbidity 
Anderson and Vondracek 
1999, Detenbeck et al. 1999, 
Euliss and Mushet 1999, 
Galatowitsch et al. 1999, 
Tangen et al. 2003, Genet 
and Olsen 2006, Genet and 
Olsen 2008 
% Tree/woodland  Positive See grassland Increase See grassland Anderson and Vondracek 
1999, Detenbeck et al. 1999, 
Galatowitsch et al. 1999, 
Genet and Olsen 2008 
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 Table 1. Continued      
Feature  Predicted 
effect on 
wetland 
ecosystem 
health 
Mechanism for 
effect on ecosystem 
Predicted 
effect on 
invertebrate 
abundance, 
diversity 
Mechanism for effect 
on invertebrates 
References 
% Water  Positive Source of 
colonizing 
organisms that can 
reduce frequency of 
local extinctions 
and contribute to 
maintenance of 
ecosystem 
functions 
Positive Potential source of 
macroinvertebrate 
colonists  
Detenbeck et al. 1999, Genet 
and Olsen 2008 
Wetland area  Positive Greater ecosystem 
stability and 
efficiency of 
ecosystem 
functions due to 
greater water 
storage potential, 
and  habitat and 
food availability 
Positive Larger ecosystems 
support larger 
populations, reducing 
frequency of local 
extinctions 
Driver 1977, Lindeman and 
Clark 1999, Gernes and 
Helgen 2002, Guntenspergen 
et al. 2002 
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 Table 1. Continued      
Feature  Predicted 
effect on 
wetland 
ecosystem 
health 
Mechanism for 
effect on ecosystem 
Predicted 
effect on 
invertebrate 
abundance, 
diversity 
Mechanism for effect 
on invertebrates 
References 
Physicochemical features (within wetland) 
Dissolved oxygen  Positive Organism 
survivorship and 
growth increase 
with  oxygen 
concentration; 
ecosystem 
functions (e.g., 
decomposition) also 
increase 
Positive Many taxa cannot 
tolerate low levels of 
dissolved oxygen 
Spieles and Mitsch 2000, 
Helgen and Gernes 2001, 
Spieles and Mitsch 2003, 
Genet and Olsen 2006, 
Stewart and Downing 2008 
pH   Negative if   
< 6 
Critical 
physiological 
processes inhibited 
by low pH, 
resulting in reduced 
primary and 
secondary 
production 
 
 
 
 
Negative if   
< 6 
Many taxa cannot 
tolerate low pH for 
physiological or 
physical (e.g., shell 
production) reasons 
Driver 1977, Scudder 1987, 
Wrubleski 1987, Spieles and 
Mitsch 2000, Genet and 
Olsen 2006 
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 Table 1. Continued      
Feature  Predicted 
effect on 
wetland 
ecosystem 
health 
Mechanism for 
effect on ecosystem 
Predicted 
effect on 
invertebrate 
abundance, 
diversity 
Mechanism for effect 
on invertebrates 
References 
Temperature  Negative As temperature 
increases, dissolved 
oxygen 
concentration 
declines  
Negative Many taxa cannot 
tolerate very low levels 
of dissolved oxygen or 
extremely high 
temperature 
Euliss et al. 1999, Spieles and 
Mitsch 2000, Genet and 
Olsen 2006 
Turbidity  
 
Negative Reduced CPOM 
(plant) abundance 
due to reduced light 
Decrease Reduced food, habitat 
and dissolved oxygen 
due to reduced plant 
growth; suspended 
particles cover gills and 
interfere with 
respiration; eggs and 
resting stages 
smothered by 
sediments  
Detenbeck et al. 1999, Euliss 
and Mushet 1999, Euliss et 
al., 1999, Magee et al. 1999, 
Spieles and Mitsch 2000, 
Zimmer et al. 2000, Helgen 
and Gernes 2001, Zimmer et 
al. 2001a,b, Gernes and 
Helgen 2002, Zimmer et al. 
2002, Gleason et al. 2003, 
Zimmer et al. 2003, Genet 
and Bordaghs 2006, Genet 
and Olsen 2006, Anteau and 
Afton 2008, Stewart and 
Downing 2008 
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 Table 1. Continued      
Feature  Predicted 
effect on 
wetland 
ecosystem 
health 
Mechanism for 
effect on ecosystem 
Predicted 
effect on 
invertebrate 
abundance, 
diversity 
Mechanism for effect 
on invertebrates 
References 
Nitrogen (total 
Kjeldahl nitrogen; 
TN) 
Negative Stimulates algal 
blooms, increasing 
turbidity and 
reducing plant 
growth; oxygen 
declines follow 
algal death 
Negative Reduced food, habitat, 
and oxygen availability 
Detenbeck et al. 1999, 
Helgen and Gernes 2001, 
Zimmer et al. 2001a, Gernes 
and Helgen 2002, Tangen et 
al. 2003, Zimmer et al. 2003, 
Genet and Bordaghs 2006, 
Genet and Olsen 2006, 
Stewart and Downing 2008 
Phosphorus (total 
phosphorus; TP) 
Negative See nitrogen Negative See nitrogen Detenbeck et al. 1999, 
Spieles and Mitsch 2000, 
Helgen and Gernes 2001, 
Zimmer et al. 2001a,b,  
Gernes and Helgen 2002, 
USEPA 2002, Tangen et al. 
2003, Zimmer et al. 2003, 
Genet and Bordaghs 2006, 
Stewart and Downing 2008 
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 Table 1. Continued      
Feature  Predicted 
effect on 
wetland 
ecosystem 
health 
Mechanism for 
effect on ecosystem 
Predicted 
effect on 
invertebrate 
abundance, 
diversity 
Mechanism for effect 
on invertebrates 
References 
Biological features      
Coarse particulate 
organic matter 
(CPOM) abundance  
Positive CPOM, including 
living plants, 
produces oxygen, 
consumes nutrients, 
and provides 
habitat and food for 
other organisms 
Positive CPOM provides habitat 
and food for 
invertebrates  
Voigts 1976, Driver 1977, 
McGrady et al. 1986, Magee 
et al. 1999, Lillie and Evrard 
1994, Detenbeck et al. 1999, 
Spieles and Mitsch 2000, 
Zimmer et al. 2000, Zimmer 
et al. 2001a, Hornung and 
Rice 2003, Spieles and 
Mitsch 2003, Zimmer et al. 
2003, Kostecke et al. 2005, 
Anteau and Afton 2008, 
Stewart and Downing 2008 
Fish and salamander 
presence 
Negative 
(fish), 
neutral or 
positive 
(salaman-
ders) 
Increase turbidity 
and nutrients, and 
reduce abundance 
of plants and 
invertebrates   
Negative Predation; reduced 
habitat and food due to 
reduced CPOM  
Hanson and Riggs 1995, 
Magee et al. 1999, Zimmer et 
al. 2000, Zimmer et al. 
2001a, b, c, Benoy et al. 
2002, Zimmer et al. 2002, 
Tangen et al. 2003, Zimmer 
et al. 2003, Hanson et al. 
2005, Anteau and Afton 
2008, Benoy 2008, Stewart 
and Downing 2008 
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 Table 2.  Macroinvertebrate community characteristics (i.e., metrics) measured in this study and predicted responses across a 
gradient of improved wetland ecosystem health.  See text for detailed descriptions of metrics.  Predicted response and mechanism 
for response were based on results from studies conducted in other Midwest USA and prairie pothole wetlands (i.e., references).  
In making predications, I excluded studies (and references) from riverine/riparian, heavily forested, or coastal (i.e., those 
connected to a lake) wetlands because many basic environmental features of these wetlands differed from those included in my 
study.    
Metric Predicted response 
to improved 
ecosystem health 
Mechanism for predicted response 
 
References 
Biomass (g/m3)    
Total biomass 
(ash-free dry 
weight; AFDW) 
Increase Positive response to CPOM, negative 
response to turbidity  
Stewart and Downing 2008 
Total biomass (dry 
weight)  
Increase Positive response to CPOM (e.g., plants), 
negative response to fish  
Broschart and Linder 1986, McGrady et 
al. 1986, Hanson and Riggs 1995,  Cox 
et al. 1998, Zimmer et al. 2001c, 
Kostecke et al. 2005 
Total biomass 
exclusive of 
crayfish (AFDW) 
Increase See total biomass Prediction based on other biomass 
references 
Total biomass 
exclusive of 
crayfish (dry 
weight)  
Increase See total biomass Prediction based on other biomass 
references  
Density (number of individuals/m3)* 
Total Mollusca 
density  
Increase Positive response  to CPOM (e.g., plants), 
negative response to % agriculture  
Daborn 1974, McGrady et al. 1986, 
Hershey et al. 1998, Tangen et al. 2003 
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 Table 2. Continued    
Metric Predicted response 
to improved 
ecosystem health  
Mechanism for predicted response 
 
References  
Total 
Ephemeroptera 
density 
Increase Negative response to % agriculture  Tangen et al. 2003 
Total Odonata 
density 
Increase Positive response to CPOM (e.g., plants), 
negative response to % agriculture  
Daborn 1974, Tangen et al. 2003, 
Hornung and Rice 2003, Foote and 
Hornung 2005 
Total Trichoptera 
density 
Increase Negative response to % agriculture  Tangen et al. 2003 
Total EOT 
(Ephemeroptera, 
Odonata, 
Trichoptera) 
density  
Increase Positive response to CPOM, negative 
response to turbidity and % agriculture  
Tangen et al. 2003, Stewart and 
Downing 2008 
Total Heteroptera 
density  
Increase or 
decrease 
Corixidae may respond positively, whereas 
other families may respond negatively to 
turbidity, nitrogen, phosphorus, fish, and % 
agriculture and urban land cover  
Helgen and Gernes 2001, Gernes and 
Helgen 2002, Zimmer et al. 2001c, 
Zimmer et al. 2002, USEPA 2002, 
Genet and Bourdaghs 2006 
Total Coleoptera 
density 
Increase Negative response to % agriculture 
(pesticides) 
Hershey et al. 1998, Hershey et al. 1999 
Chironomidae 
density 
                  
Increase  
Positive response to CPOM (e.g., plants), 
negative response to turbidity and % 
agriculture (pesticides) 
Voigts 1976, Broschart and Linder 
1986, Gordon et al. 1990, Hershey et al. 
1998, Hershey et al. 1999, Tangen et al. 
2003, Kostecke et al. 2005, Stewart and 
Downing 2008 
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 Table 2. Continued    
Metric Predicted response 
to improved 
ecosystem health  
Mechanism for predicted response 
 
References  
Total Diptera 
density 
Increase Negative response to % agriculture 
(pesticides) 
Hershey et al. 1998 
Total Insecta 
density 
Increase Negative response to turbidity, phosphorus, 
fish, and % agriculture (pesticides)  
Hanson and Riggs 1995, Hershey et al. 
1998, Hershey et al. 1999, Zimmer et al. 
2001b, Zimmer et al. 2002 
Amphipoda 
density 
Increase Positive response to CPOM (e.g., plants), 
negative response to fish, turbidity, 
phosphorus, and % agriculture  
Voigts 1976, Broschart and Linder 
1986, McGrady et al. 1986, Gordon et 
al. 1990, Wen 1992, Lindeman and 
Clark 1999, Zimmer et al. 2001b, 
Zimmer et al. 2002, Anteau and Afton 
2006, Anteau and Afton 2008 
Total 
macroinvertebrate 
density  
Increase Positive response to CPOM (e.g. plants) and 
nearby water, negative response to turbidity, 
fish, and % agriculture (pesticides)  
Lillie and Evrard 1994, Hanson and 
Riggs 1995, Cox et al. 1998, Hershey et 
al. 1998, Galatowitsch et al. 1999, 
Spieles and Mitsch 2000, Apfelbeck 
2001, Guntenspergen et al. 2002, 
Kostecke et al. 2005, Stewart and 
Downing 2008 
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 Table 2. Continued    
Metric Predicted response 
to improved 
ecosystem health  
Mechanism for predicted response 
 
References  
Diversity    
Percent composition (= proportion of total density) 
% Mollusca  Decrease Positive response to % agriculture and urban 
land cover (due to declines in abundance of 
other taxa) 
 
 
 
 
 
Galatowitsch et al. 1999, Tangen et al. 
2003 
% Ephemeroptera Increase Positive response to CPOM (plants), 
dissolved oxygen and forest cover, negative 
response to turbidity, phosphorus, fish, and 
% agriculture  
Galatowitsch et al. 1999, Spieles and 
Mitsch 2000, Zimmer et al. 2001c 
% Odonata Increase Positive response to CPOM (plants), 
negative response to fish  
Zimmer et al. 2001c, USEPA 2002 
% Trichoptera Increase Positive response to CPOM (plants), 
negative response to fish  
Zimmer et al. 2001c, USEPA 2002 
% EOT  Increase Positive response to CPOM, negative 
response to turbidity, nitrogen, phosphorus, 
and % agriculture and urban land cover 
Spieles and Mitsch 2000, Gernes and 
Helgen 2002, USEPA 2002, Tangen et 
al. 2003, Stewart and Downing 2008 
% Heteroptera Decrease Positive response to turbidity, nitrogen, 
phosphorus, fish, and % agriculture and 
urban land cover (due to increased densities 
of Corixidae and reduced abundance of 
other taxa) 
Helgen and Gernes 2001, Gernes and 
Helgen 2002, Zimmer et al. 2001c, 
Zimmer et al. 2002, USEPA 2002, 
Genet and Bourdaghs 2006 
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 Table 2. Continued    
Metric Predicted response 
to improved 
ecosystem health  
Mechanism for predicted response 
 
References  
% Coleoptera Decrease Positive response to fish (due to reduced 
abundance of other taxa)  
Zimmer et al. 2001c, USEPA 2002 
% Chironomidae Increase or 
decrease 
 
Positive response to CPOM (e.g., plants) 
and negative response to turbidity; positive 
response to nitrogen, % agriculture and 
urban land cover (due to reduced abundance 
of other taxa)  
Voigts 1976, Broschart and Linder 
1986, Lillie and Evrard 1994, Apfelbeck 
2001, Zimmer et al. 2001c, USEPA 
2002, Tangen et al. 2003, Genet and 
Bourdaghs 2006, Genet and Olsen 2008 
% Diptera Increase Positive response to % of nearby landscape 
covered by water (% water) 
Galatowitsch et al. 1999, Spieles and 
Mitsch 2000, USEPA 2002 
% Insecta Increase Negative response to nitrogen Galatowitsch et al. 1999, Genet and 
Bourdaghs 2006 
% Amphipoda Increase or 
decrease 
Positive response to CPOM (e.g., plants); 
positive response to % agriculture (due to 
reduced abundance of other taxa)  
Voigts 1976, Broschart and Linder 
1986, Tangen et al. 2003 
% most abundant 
taxon 
Decrease Positive response to % agriculture and urban 
land cover (due to reduced abundance of 
most taxa)  
Hershey et al. 1998, Apfelbeck 2001, 
USEPA 2002, Tangen et al. 2003 
% two most 
abundant taxa 
Decrease Positive response to % agriculture and urban 
land cover (due to reduced abundance of 
most taxa)  
Apfelbeck 2001, USEPA 2002  
% three most 
abundant taxa 
Decrease  Positive response to turbidity, nitrogen, 
phosphorus, and % agriculture and urban 
land cover (due to reduced abundance of 
most taxa)  
Hershey et al. 1998, Helgen and Gernes 
2001, Gernes and Helgen 2002, Tangen 
et al. 2003, USEPA 2002, Genet and 
Bourdaghs 2006 
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 Table 2. Continued    
Metric Predicted response 
to improved 
ecosystem health  
Mechanism for predicted response 
 
References  
Taxa richness (number of taxa/wetland) 
 
EOT taxa richness  Increase Positive response to dissolved oxygen, 
negative response to turbidity, nitrogen, 
phosphorus and % agriculture and urban 
land cover  
Spieles and Mitsch 2000, Apfelbeck 
2001, Helgen and Gernes 2001, Gernes 
and Helgen 2002, USEPA 2002, Genet 
and Bourdaghs 2006, Genet and Olsen 
2008 
Insecta taxa 
richness 
Increase Negative response to % agriculture 
(pesticides) 
Hershey et al. 1998, Hershey et al. 
1999, Galatowitsch et al. 1999 
Total taxa richness  Increase Positive response to CPOM (e.g., plant) % 
water, negative response to turbidity, 
phosphorus, fish, and % agriculture and 
urban land cover  
Hanson and Riggs 1995, Galatowitsch 
et al. 1999, Spieles and Mitsch 2000, 
Apfelbeck 2001, Helgen and Gernes 
2001, Gernes and Helgen 2002, 
Guntenspergen et al. 2002, USEPA 
2002, Tangen et al. 2003, Stanczak and 
Keiper 2004, Kostecke et al. 2005, 
Genet and Bourdaghs 2006, Spieles et 
al. 2006, Genet and Olsen 2008, Stewart 
and Downing 2008 
*Here I provide predicted density responses for taxa and groups of taxa that are ubiquitous in wetlands and that I was sure would 
be collected.  However, numerical densities of all taxa were reported in results and taxa collected from five or more wetlands were 
included in statistical analyses.  
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Table 3. Macroinvertebrate taxa densities, total density, and total taxa richness in 
semipermanent and permanent prairie pothole wetland of north-central Iowa (overall means 
with SEs in parentheses).  Densities were reported per unit horizontal bottom area (number of 
individuals/m²) and volumetric area sampled, including the bottom, water column and water 
surface (number of individuals/m³).  Taxa richness is equivalent to total number of taxa 
recorded from each wetland.  *Denotes an individual taxa density metric included in 
regression analysis. 
Taxon Number/m2 Number/m3 
Phylum Cnidaria   
   Hydridae (hydras)  3 (3) 7 (7) 
Phylum Platyhelminthes   
 Class Turbellaria (turbellarians) 19 (19)  46 (46) 
Phylum Nematoda (nematodes) 1,826 (423) 4,231 (1,052) 
Phylum Mollusca    
 Class Gastropoda   
   Lymnaeidae (lymnaeid snails)* 19 (15)  40 (32) 
   Physidae (physid snails)* 289 (194) 678 (473) 
   Planorbidae (planorbid snails)* 254 (112) 587 (266) 
 Class Bivalvia   
    Sphaeriidae (fingernail clams)* 49 (26)  110 (58) 
Phylum Annelida   
 Class Oligochaeta (oligochaetes)* 22,271 (5,847) 52,511 (14,124) 
 Class Euhirudinea (leeches)*  503 (215) 1,185 (514) 
Phylum Arthropoda   
 Class Arachnida   
  Order Acariformes (water mites) 87 (27)  202 (66) 
 Class Insecta   
  Order Ephemeroptera   
   Baetidae (small minnow mayflies)* 78 (28) 185 (69) 
   Caenidae (small squaregill mayflies)* 245 (110) 535 (235) 
  Order Odonata   
   Aeshnidae (darner dragonflies)* 2 (1) 4 (2) 
   Libellulidae (skimmer dragonflies) 5 (4) 11 (9) 
   Calopterygidae (broadwinged damselflies)              7 (6) 17 (13) 
   Coenagrionidae (narrowwinged damselflies)* 34 (17) 78 (41) 
   Lestidae (spreadwinged damselflies)* 7 (4) 15 (8) 
  Order Trichoptera   
   Leptoceridae (longhorned case maker 
caddisflies)* 
181 (137)   428 (325) 
   Phryganeidae (giant case maker caddisflies) < 1 (< 1) < 1 (< 1) 
  Order Heteroptera   
   Belostomatidae (giant water bugs) < 1 (< 1) 1 (1) 
   Corixidae (water boatmen)* 234 (70) 547 (167) 
   Notonectidae (backswimmers)*  97 (43)  227 (103) 
   Pleidae (pygmy backswimmers)* 70 (30)  163 (70) 
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Table 3. Continued   
Taxon Number/m2 Number/m3 
   Veliidae (broad-shouldered water striders) 11 (11)  25 (25) 
  Order Coleoptera   
   Chrysomelidae (leaf beetles) 18 (18) 37 (37) 
   Dytiscidae (predaceous diving beetles)* 114 (36) 262 (83) 
   Gyrinidae (whirligig beetles) < 1 (< 1) < 1 (< 1) 
   Haliplidae (crawling water beetles)* 108 (26) 243 (62) 
   Hydrophilidae (water scavenger beetles) 11 (11)  21 (21) 
  Order Diptera   
   Ceratopogonidae (biting midges)* 171 (38) 393 (87) 
   Chaoboridae (phantom midges) 5 (5) 13 (13) 
   Chironomidae (non-biting midges)* 16,216 (4,300) 37,700 (10,370) 
   Stratiomyidae (soldier flies) 10 (7) 20 (14) 
   Tabanidae (deerflies/horseflies) 1 (< 1)  2 (1) 
 Class Entognatha    
  Order Collembola   
   Isotomidae (isotomid springtails) 17 (11) 36 (22) 
 Class Malacostraca   
  Order Amphipoda (amphipods)* 2,899 (1,638) 6,935 (3,932) 
  Order Decapoda (crayfishes)* 4 (2) 8 (4) 
  Order Isopoda   
   Asellidae (aquatic sow bugs) 136 (126) 298 (277) 
 Class Ostracoda (ostracods)  786 (344) 1,835 (831) 
 Class Branchiopoda   
  “Cladocera” (cladocerans) 10,689 (4,755) 25,462 (11,703) 
  “Conchostraca” (conchostracans) 32 (24)  69 (51) 
 Class Maxillopoda   
  Order Calanoida (calanoid copepods) 229 (164) 545 (393) 
  Order Cyclopoida (cyclopoid copepods) 3,542 (1,294) 8,452 (3,165) 
  Order Harpacticoida (harpacticoid copepods) 437 (223) 971 (492) 
Total macroinvertebrate density* 61,714 (10,913) 145,137 (27,455) 
Total taxa richness* 20.4 ± 1.1 20.4 ± 1.1 
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Table 4. Macroinvertebrate biomass metrics across all wetlands (overall means with SEs in 
parentheses).  Biomass was reported per unit horizontal bottom area (g dry weight and g ash-
free dry weight/m²), and volumetric area sampled, including the bottom, water column and 
water surface (g dry weight and g ash-free dry weight/m³). 
Metric g/m2 g/m3 
Total biomass (ash free dry weight; AFDW) 4.0 (1.3) 9.1 (3.0) 
Total biomass (dry weight) 9.3 (1.9) 21.5 (4.6) 
Total biomass exclusive of crayfish (AFDW) 3.9 (1.3) 8.9 (3.0) 
Total biomass exclusive of crayfish (dry weight) 9.0 (2.0) 20.7 (4.7) 
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Table 5. Overall mean values (with SEs in parentheses) for additional macroinvertebrate-
based metrics in wetlands (i.e., metrics exclusive of total taxa richness, biomass, and 
individual taxa densities).  Values for density metrics were reported per unit horizontal 
bottom area (number of individuals/m²), and volumetric area sampled (number of 
individuals/m³).    
Metric   
Density metrics Number of individuals/m2 Number of individuals/m³ 
Total Mollusca density 611 (234) 1,416 (563) 
Total Ephemeroptera density 324 (109) 720 (236) 
Total Odonata density 55 (17) 125 (41) 
Total Trichoptera density 181 (137) 428 (325) 
Total EOT density 560 (171) 1,272 (395) 
Total Heteroptera density 411 (92) 963 (219) 
Total Coleoptera density 251 (62) 564 (140) 
Total Diptera density 16,403 (4,300) 38,127 (10,370) 
Total Insecta density 17,625 (4,304) 40,927 (10,388) 
   
Diversity metrics  
(proportional metrics) 
 % of total density 
% Mollusca  1.40 (0.54)  
% Ephemeroptera  0.95 (0.41) 
% Odonata  0.12 (0.03) 
% Trichoptera  0.41 (0.34) 
% EOT  1.49 (0.52) 
% Heteroptera  0.64 (0.15) 
% Coleoptera  0.37 (0.09) 
% Chironomidae  27.97 (5.55) 
% Diptera  28.37 (5.56) 
% Insecta  31.33 (5.68) 
% Amphipoda  6.09 (3.23) 
% most abundant taxon  54.47 (3.68) 
% two most abundant taxa  74.98 (2.63) 
% three most abundant taxa  83.72 (1.95) 
   
Diversity metrics  
(taxa richness metrics) 
 Number of taxa/wetland 
EOT taxa richness  3.3 (0.4) 
Insecta taxa richness  9.4 (0.7) 
 
 
 Table 6. Multiple regression statistics from analyses of relationships between macroinvertebrate biomass metrics and 
environmental features.  DO = dissolved oxygen, CPOM = coarse particulate organic matter. 
Dependent variable  Independent 
variable 
Regression 
coefficient 
SE Standardized 
regression 
coefficient 
p-value Model 
adjusted 
R² 
ANOVA 
p-value 
Total biomass  
   (g AFDW/m³) 
Intercept 
% water 
Turbidity 
1.07 
1.44 
-0.44 
0.16 
0.43 
0.15 
 
0.60 
-0.54 
 
0.005 
0.009 
 
 
0.49 
 
 
0.004 
Total biomass  
   (g dry weight/m³) 
Intercept 
% agriculture 
% water 
DO 
Turbidity 
0.01 
1.65 
1.03 
1.46 
-0.40 
0.46 
0.64 
0.40 
0.52 
0.15 
 
0.50 
0.47 
0.57 
-0.54 
 
0.024 
0.024 
0.016 
0.018 
 
 
 
 
0.50 
 
 
 
 
0.013 
Total biomass 
exclusive of crayfish 
(g AFDW/m³) 
Intercept 
% water 
Turbidity 
1.05 
1.47 
-0.42 
0.16 
0.43 
0.15 
 
0.61 
-0.53 
 
0.004 
0.011 
 
 
0.49 
 
 
0.003 
Total biomass 
exclusive of crayfish 
(g dry weight/m³)  
Intercept 
DO 
CPOM 
-0.92 
1.65 
0.28 
0.84 
0.73 
0.12 
 
0.62 
0.63 
 
0.039 
0.038 
 
 
0.22 
 
 
0.068 
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 Table 7. Multiple regression statistics from analyses of relationships between macroinvertebrate density metrics and environmental 
features.  Wetland area = wetland surface area, DO = dissolved oxygen, CPOM = coarse particulate organic matter. 
Dependent variable  Independent 
variable 
Regression 
coefficient 
SE Standardized 
regression 
coefficient 
p-value Model 
adjusted 
R² 
ANOVA 
p-value 
Lymnaeidae density Intercept 
Turbidity 
1.30 
-0.85 
0.41 
0.38 
 
-0.50 
 
0.042 
 
0.20 
 
0.042 
Physidae density Intercept 
CPOM 
-0.71 
0.95 
0.80 
0.35 
 
0.57 
 
0.016 
 
0.28 
 
0.016 
Planorbidae density Intercept 
Turbidity 
3.03 
-1.34 
0.59 
0.55 
 
-0.54 
 
0.026 
 
0.24 
 
0.026 
Sphaeriidae density Intercept 
% urban 
Wetland area 
2.04 
-6.76 
-1.13 
0.31 
2.47 
0.52 
 
-0.52 
-0.42 
 
0.016 
0.048 
 
 
0.42 
 
 
0.008 
Oligochaeta density Intercept 
DO 
1.62 
3.08 
0.79 
0.87 
 
0.67 
 
0.003 
 
0.42 
 
0.003 
Euhirudinea density Intercept 
Wetland area 
1.38 
1.78 
0.37 
0.63 
 
0.59 
 
0.013 
 
0.30 
 
0.013 
Caenidae density Intercept 
CPOM 
-0.65 
0.87 
0.91 
0.40 
 
0.49 
 
0.047 
 
0.19 
 
0.047 
Dytiscidae density Intercept 
% water 
DO 
CPOM 
-6.3 
-5.0 
6.0 
1.4 
1.92 
1.17 
1.67 
0.29 
 
-0.64 
0.66 
0.89 
 
0.001 
0.003 
0.000 
 
 
 
0.66 
 
 
 
0.001 
Haliplidae density Intercept 
CPOM 
-0.23 
0.92 
0.61 
0.26 
 
0.67 
 
0.003 
 
0.41 
 
0.003 
Chironomidae density Intercept 
% agriculture 
4.09 
2.54 
0.13 
0.93 
 
0.58 
 
0.016 
 
0.29 
 
0.016 
Decapoda density Intercept 
% water 
Turbidity 
CPOM 
2.89 
1.77 
-1.22 
-0.69 
0.56 
0.68 
0.29 
0.17 
 
0.46 
-0.94 
-0.91 
 
0.022 
0.001 
0.001 
 
 
 
0.55 
 
 
 
0.003 
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 Table 7. Continued        
Dependent variable  Independent 
variable 
Regression 
coefficient 
SE Standardized 
regression 
coefficient 
p-value Model 
adjusted 
R² 
ANOVA 
p-value 
Total Mollusca 
density 
 
Intercept 
Wetland Area 
CPOM 
1.34 
-1.57 
0.81 
0.62 
0.61 
0.24 
 
-0.46 
0.60 
 
0.022 
0.004 
 
 
0.50 
 
 
0.003 
Total Odonata density Intercept 
CPOM 
0.48 
0.53 
0.48 
0.21 
 
0.55 
 
0.023 
 
0.25 
 
0.023 
Total EOT density Intercept 
CPOM 
1.81 
0.49 
0.39 
0.17 
 
0.60 
 
0.011 
 
0.32 
 
0.011 
Total Heteroptera   
density 
Intercept 
Turbidity 
2.03 
0.67 
0.33 
0.31 
 
0.49 
 
0.046 
 
0.19 
 
0.046 
Total Coleoptera 
density 
Intercept 
CPOM 
0.02 
0.99 
0.56 
0.25 
 
0.72 
 
0.001 
 
0.49 
 
0.001 
Total Diptera density Intercept 
% agriculture 
4.11 
2.51 
0.13 
0.91 
 
0.58 
 
0.015 
 
0.29 
 
0.015 
Total Insecta density Intercept 
% agriculture 
Urban 
Wetland area 
4.01 
2.05 
-2.28 
0.61 
0.14 
0.64 
1.02 
0.21 
 
0.52 
-0.37 
0.46 
 
0.007 
0.043 
0.013 
 
 
 
0.59 
 
 
 
0.002 
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 Table 8. Multiple regression statistics from analyses of relationships between macroinvertebrate diversity metrics and 
environmental features.  Wetland area = wetland surface area, DO = dissolved oxygen, CPOM = coarse particulate organic matter.   
Dependent variable  Independent 
variable 
Regression 
coefficient 
SE Standardized 
regression 
coefficient 
p-value Model 
adjusted 
R² 
ANOVA 
p-value 
% Oligochaeta Intercept 
Wetland area 
DO 
-0.40 
-0.47 
1.38 
0.38 
0.19 
0.43 
 
-0.49 
0.63 
 
0.026 
0.007 
 
 
0.41 
 
 
0.010 
% Mollusca Intercept 
CPOM 
-0.03 
0.05 
0.05 
0.02 
 
0.54 
 
0.027 
 
0.24 
 
0.027 
% Odonata  Intercept 
CPOM 
<0.01 
0.01 
0.01 
0.01 
 
0.52 
 
0.032 
 
0.22 
 
0.032 
% Coleoptera Intercept 
CPOM 
-0.01 
0.04 
0.03 
0.01 
 
0.63 
 
0.007 
 
0.35 
 
0.007 
% most abundant 
taxon 
Intercept 
% water 
% urban 
Wetland area 
DO 
0.33 
0.31 
1.24 
-0.18 
0.58 
0.14 
0.13 
0.32 
0.07 
0.13 
 
0.33 
0.55 
-0.39 
0.53 
 
0.039 
0.002 
0.021 
0.004 
 
 
 
 
0.69 
 
 
 
 
0.001 
% two most abundant 
taxa 
Intercept 
% agriculture 
Wetland area 
DO 
0.48 
0.65 
-0.18 
0.68 
0.15 
0.21 
0.07 
0.17 
 
0.55 
-0.46 
0.75 
 
0.008 
0.019 
0.001 
 
 
 
0.55 
 
 
 
0.003 
% three most 
abundant taxa 
Intercept 
% agriculture 
DO 
0.66 
0.43 
0.52 
0.14 
0.20 
0.15 
 
0.44 
0.69 
 
0.048 
0.004 
 
 
0.41 
 
 
0.010 
EOT taxa richness Intercept 
CPOM 
0.19 
0.139 
0.13 
0.06 
 
0.53 
 
0.027 
 
0.24 
 
0.027 
Insecta taxa richness Intercept 
CPOM 
0.69 
0.12 
0.08 
0.03 
 
0.69 
 
0.002 
 
0.44 
 
0.002 
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 Table 8. Continued 
Dependent variable  Independent 
variable 
Regression 
coefficient 
SE Standardized 
regression 
coefficient 
p-value Model 
adjusted 
R² 
ANOVA 
p-value 
Total taxa richness 
 
Intercept 
Turbidity 
CPOM 
1.26 
-0.10 
0.06 
0.08 
0.04 
0.02 
 
-0.47 
0.48 
 
0.020 
0.016 
 
 
0.68 
 
 
<0.001 
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 Table 9. Scores for metrics included in preliminary ecosystem health index for Iowa prairie pothole wetlands.  Scores are based on 
ranks of metric values for individual wetlands, with a higher score indicating a higher value (i.e., higher density or diversity) for a 
specific metric.  The wetland with the highest rank (rank of “1”) had the highest total score for summed metrics.  Density metrics 
were quantified as number of individuals/m3, whereas taxa richness metrics were quantified as the number of taxa in each wetland.     
Wetland Total 
macroinvertebrate 
biomass  
(g AFDW/m3) 
Chironomidae 
density 
Amphipoda 
density 
Total 
Mollusca 
density 
Total 
EOT 
density 
Total 
Coleoptera 
density 
Total 
taxa 
richness 
EOT 
taxa 
richness 
Bluewing 4 16 4 9 11 12 7 4.5 
C.A. Block 2 12 11 2.5 7 2 3 4.5 
Crystal Hills 5 17 13 1 9 8 2 9 
Eagle Flatts 1 1 4 6 1 2 1 1 
Elk Creek 14 2 8 14 10 17 15 14.5 
Gladfelter 6 15 10 4 8 16 6 9 
Harmon Lake 9 5 4 11 5 11 11 9 
Haugen 17 8 4 16 4 2 4 4.5 
Hoffman Prairie 8 9 4 7 15 9 17 11.5 
Mallard 12 3 16 17 3 15 13 4.5 
Pilot Knob 
Recreation Area 
3 10 17 8 16 13 15 14.5 
Sandpiper North 11 11 9 13 14 14 11 11.5 
Sandpiper South 15 7 14 12 12 5 11 14.5 
Teal Basin 10 13 4 10 13 10 15 14.5 
Union Hills East 13 6 12 5 6 4 5 4.5 
Union Hills North 7 4 15 2.5 17 6 8.5 17 
Wild Goose 16 14 4 15 2 7 8.5 4.5 
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 Table 9. Continued 
Wetland Sum of scores Wetland rank 
Bluewing 67.5 11 
C.A. Block 44 16 
Crystal Hills 64 13 
Eagle Flatts 17 17 
Elk Creek 94.5 2 (tied) 
Gladfelter 74 9 
Harmon Lake 65  12 
Haugen 59.5 14 
Hoffman Prairie 80.5 7 
Mallard 83.5 6 
Pilot Knob 
Recreation Area 
96.5 1 
Sandpiper North 94.5 2 (tied) 
Sandpiper South 90.5 4 
Teal Basin 89.5 5 
Union Hills East 55.5 15 
Union Hills North 77 8 
Wild Goose 71 10 
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 Appendix 1. Wetland names, locations, and information related to date and type of most recent management activity.  
Management information was provided by G. Hanson, D. Janke, D. Mueller, R. Schwartz (Wildlife Unit, Iowa Department of 
Natural Resources) and Fred Heinz (Cerro Gordo County Conservation Board).   
Wetland UTM (X) UTM (Y) County Year of most recent restoration activity 
Bluewing 463863.05 4770596.21 Cerro Gordo No known restoration 
C.A. Block 449279.56 4801841.22 Winnebago 1991 or 1992 
Crystal Hills 438127.07 4786238.01 Hancock 1992 
Eagle Flatts 440373.96 4779034.92 Hancock 2001 
Elk Creek 464421.71 4806165.42 Worth 2000 
Gladfelter 436949.16 4783394.12 Hancock 1996 
Harmon Lake 442740.88 4812177.76 Winnebago Prior to 1989 
Haugen 459664.25 4784848.10 Cerro Gordo Early 1980s 
Hoffman Prairie 462834.49 4775836.14 Cerro Gordo No known restoration 
Mallard 461886.01 4787625.72 Cerro Gordo 1968-1969 
Pilot Knob Recreation Area 455005.54 4789841.35 Winnebago 1988 
Sandpiper North 460914.64 4787576.65 Cerro Gordo 1993-1995 
Sandpiper South 460562.43 4787191.61 Cerro Gordo 1986 
Teal Basin 463968.30 4785019.43 Cerro Gordo 1986-1987 
Union Hills East 465501.21 4763327.53 Cerro Gordo 1993 
Union Hills North 464744.71 4763062.61 Cerro Gordo 1996 
Wild Goose 461352.72 4781648.37 Cerro Gordo 1992 
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 Appendix 2. Macroinvertebrate taxa densities in each wetland.  The first number in each cell is the density per volumetric area 
sampled for the taxon listed in the column header (number of individuals/m³).  The number in parentheses is the density per unit 
horizontal bottom area (number of individuals/m²).  Total macroinvertebrate density and taxa richness (number of taxa collected) 
in each wetland are provided in the final two columns.   
Wetland  Hydridae Turbellaria Nematoda Lymnaeidae Physidae Planorbidae Sphaeriidae 
Bluewing 0 (0) 0 (0) 18,127 (7,251) 0 (0) 0 (0) 242 (97) 5 (2) 
C.A. Block 0 (0) 0 (0) 8,359 (3,444) 0 (0) 0 (0) 0 (0) 5 (2) 
Crystal Hills 0 (0) 0 (0) 2,614 (1,088) 0 (0) 0 (0) 0 (0) 0 (0) 
Eagle Flatts 0 (0) 0 (0) 61 (26) 0 (0) 0 (0) 61 (26) 0 (0) 
Elk Creek 0 (0) 0 (0) 5,078 (2,417) 550 (262) 1,608 (765) 681 (324) 8 (4) 
Gladfelter  0 (0) 0 (0) 2,506 (1,088) 0 (0) 0 (0) 5 (2) 23 (10) 
Harmon Lake 0 (0) 0 (0) 4,956 (2,508) 0 (0) 151 (77) 76 (38) 111 (56) 
Haugen  0 (0) 0 (0) 9,219 (3,817) 0 (0) 243 (101) 4,028 (1,668) 360 (149) 
Hoffman Prairie 0 (0) 0 (0) 2,897 (1,414) 4 (2) 0 (0) 99 (48) 4 (2) 
Mallard  111 (45) 778 (317) 2,671 (1,090) 0 (0) 8,084 (3,298) 331 (135) 99 (40) 
Pilot Knob 
Recreation Area 
0 (0) 0 (0) 863 (363) 0 (0) 115 (48) 0 (0) 24 (10) 
Sandpiper North 0 (0) 0 (0) 3,839 (1,635) 24 (10) 0 (0) 2,071 (882) 5 (2) 
Sandpiper South 0 (0) 0 (0) 3,166 (1,450) 0 (0) 651 (298) 312 (143) 246 (113) 
Teal Basin 0 (0) 0 (0) 2,014 (999) 28 (14) 191 (95) 110 (54) 4 (2) 
Union Hills East 0 (0) 0 (0) 1,511 (634) 0 (0) 0 (0) 5 (2) 24 (10) 
Union Hills North 0 (0) 0 (0) 859 (363) 0 (0) 5 (2) 0 (0) 0 (0) 
Wild Goose 0 (0) 0 (0) 3,185 (1,452) 80 (36) 486 (222) 1,966 (896) 954 (435) 
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 Appendix 2. Continued  
Wetland  Oligochaeta Euhirudinea Acariformes Baetidae Caenidae Aeshnidae Libellulidae 
Bluewing 91,621 (36,649) 468 (187) 906 (363) 1,178 (471) 0 (0) 0 (0) 0 (0) 
C.A. Block 133,243 (54,896) 10 (4) 220 (91) 220 (91) 0 (0) 0 (0) 0 (0) 
Crystal Hills 17,686 (7,358) 7,456 (3,102) 0 (0) 223 (93) 0 (0) 0 (0) 5 (2) 
Eagle Flatts 31,317 (13,216) 5 (2) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 
Elk Creek 73,405 (34,941) 127 (60) 127 (60) 288 (137) 127 (60) 34 (16) 0 (0) 
Gladfelter  72,271 (31,366) 3,856 (1,674) 627 (272) 0 (0) 0 (0) 0 (0) 0 (0) 
Harmon Lake 8,837 (4,471) 4 (2) 60 (30) 119 (60) 0 (0) 0 (0) 0 (0) 
Haugen  217,785 (90,163) 73 (30) 0 (0) 0 (0) 0 (0) 5 (2) 0 (0) 
Hoffman Prairie 1,114 (544) 491 (240) 297 (145) 4 (2) 3,343 (1,631) 8 (4) 0 (0) 
Mallard  20,635 (8,419) 1,370 (559) 111 (45) 0 (0) 0 (0) 0 (0) 0 (0) 
Pilot Knob 
Recreation Area 
13,869 (5,825) 4,628 (1,944) 647 (272) 230 (97) 2,374 (997) 0 (0) 10 (4) 
Sandpiper North 9,215 (3,925) 104 (44) 170 (73) 255 (109) 936 (399) 5 (2) 0 (0) 
Sandpiper South 33,831 (15,494) 1,126 (516) 132 (60) 264 (121) 928 (425) 0 (0) 0 (0) 
Teal Basin 9,157 (4,542) 41 (20) 0 (0) 4 (2) 1,096 (544) 4 (2) 16 (8) 
Union Hills East 103,381 (43,420) 72 (30) 0 (0) 345 (145) 0 (0) 0 (0) 0 (0) 
Union Hills North 54,314 (22,920) 305 (129) 143 (60) 10 (4) 286 (121) 10 (4) 148 (62) 
Wild Goose 1,003 (457) 13 (6) 0 (0) 4 (2) 0 (0) 0 (0) 0 (0) 
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 Appendix 2. Continued  
Wetland  Calopterygidae Coenagrionidae Lestidae Leptoceridae Phryganeidae Belostomatidae 
Bluewing 0 (0) 0 (0) 25 (10) 0 (0) 0 (0) 0 (0) 
C.A. Block 0 (0) 0 (0) 0 (0) 220 (91) 0 (0) 0 (0) 
Crystal Hills 0 (0) 0 (0) 0 (0) 441 (183) 0 (0) 0 (0) 
Eagle Flatts 0 (0) 0 (0) 5 (2) 0 (0) 0 (0) 0 (0) 
Elk Creek 0 (0) 267 (127) 13 (6) 0 (0) 0 (0) 0 (0) 
Gladfelter  209 (91) 5 (2) 0 (0) 418 (181) 0 (0) 5 (2) 
Harmon Lake 0 (0) 0 (0) 68 (34) 60 (30) 0 (0) 0 (0) 
Haugen  0 (0) 219 (91) 0 (0) 0 (0) 0 (0) 0 (0) 
Hoffman Prairie  0 (0) 74 (36) 0 (0) 0 (0) 0 (0) 0 (0) 
Mallard  0 (0) 111 (45) 0 (0) 111 (45) 0 (0) 0 (0) 
Pilot Knob 
Recreation Area 
0 (0) 652 (274) 0 (0) 432 (181) 0 (0) 10 (4) 
Sandpiper North 85 (36) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 
Sandpiper South 0 (0) 4 (2) 0 (0) 4 (2) 4 (2) 0 (0) 
Teal Basin 0 (0) 0 (0) 122 (60) 0 (0) 0 (0) 0 (0) 
Union Hills East 0 (0) 0 (0) 5 (2) 0 (0) 0 (0) 0 (0) 
Union Hills North 0 (0) 0 (0) 10 (4) 5,584 (2,356) 0 (0) 0 (0) 
Wild Goose 0 (0) 0 (0) 4 (2) 0 (0) 0 (0) 4 (2) 
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 Appendix 2. Continued  
Wetland  Corixidae Notonectidae Pleidae Veliidae Chrysomelidae Dytiscidae Gyrinidae Haliplidae 
Bluewing 15 (6) 232 (93) 0 (0) 0 (0) 0 (0) 473 (189) 0 (0) 232 (93) 
C.A. Block 1,760 (725) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 
Crystal Hills 1,937 (806) 237 (99) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 218 (91) 
Eagle Flatts 0 (0) 123 (52) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 
Elk Creek 152 (73) 0 (0) 0 (0) 0 (0) 635 (302) 508 (242) 4 (2) 525 (250) 
Gladfelter  1,884 (818) 0 (0) 209 (91) 0 (0) 0 (0) 1,253 (544) 0 (0) 418 (181) 
Harmon Lake 0 (0) 4 (2) 0 (0) 0 (0) 0 (0) 239 (121) 0 (0) 358 (181) 
Haugen  516 (213) 5 (2) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 
Hoffman Prairie 83 (40) 244 (119) 74 (36) 0 (0) 0 (0) 297 (145) 0 (0) 223 (109) 
Mallard  333 (136) 676 (276) 889 (363) 0 (0) 0 (0) 444 (181) 0 (0) 1,000 (408)
Pilot Knob 
Recreation Area 
0 (0) 1,726 (725) 647 (272) 432 (181) 0 (0) 647 (272) 0 (0) 216 (91) 
Sandpiper North 293 (125) 350 (149) 0 (0) 0 (0) 0 (0) 440 (187) 0 (0) 435 (185) 
Sandpiper South 928 (425) 0 (0) 660 (302) 0 (0) 0 (0) 0 (0) 0 (0) 132 (60) 
Teal Basin 219 (109) 183 (91) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 183 (91) 
Union Hills East 288 (121) 0 (0) 0 (0) 0 (0) 0 (0) 5 (2) 0 (0) 0 (0) 
Union Hills North 869 (367) 5 (2) 286 (121) 0 (0) 0 (0) 143 (60) 0 (0) 0 (0) 
Wild Goose 22 (10) 80 (36) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 199 (91) 
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 Appendix 2. Continued 
Wetland  Hydrophilidae Ceratopogonidae Chaoboridae Chironomidae Stratiomyidae Tabanidae 
Bluewing 0 (0) 227 (91) 0 (0) 123,968 (49,587) 0 (0) 15 (6) 
C.A. Block 0 (0) 34 (14) 0 (0) 28,540 (11,758) 0 (0) 0 (0) 
Crystal Hills 0 (0) 445 (185) 0 (0) 135,070 (56,189) 0 (0) 0 (0) 
Eagle Flatts 0 (0) 61 (26) 0 (0) 3,951 (1,667) 0 (0) 0 (0) 
Elk Creek 0 (0) 135 (64) 0 (0) 4,079 (1,942) 135 (64) 0 (0) 
Gladfelter  0 (0) 645 (280) 0 (0) 105,712 (45,879) 0 (0) 0 (0) 
Harmon Lake 0 (0) 60 (30) 0 (0) 10,871 (5,501) 0 (0) 8 (4) 
Haugen  0 (0) 501 (207) 0 (0) 20,292 (8,401) 0 (0) 0 (0) 
Hoffman Prairie 0 (0) 297 (145) 0 (0) 21,173 (10,332) 0 (0) 4 (2) 
Mallard  0 (0) 301 (123) 0 (0) 4,443 (1,813) 0 (0) 0 (0) 
Pilot Knob 
Recreation Area 
0 (0) 1,084 (455) 216 (91) 21,819 (9,164) 5 (2) 0 (0) 
Sandpiper North 0 (0) 95 (40) 0 (0) 27,781 (11,835) 0 (0) 0 (0) 
Sandpiper South 0 (0) 163 (75) 0 (0) 15,304 (7,009) 0 (0) 0 (0) 
Teal Basin 365 (181) 918 (455) 0 (0) 38,032 (18,864) 199 (99) 0 (0) 
Union Hills East 0 (0) 695 (292) 0 (0) 11,663 (4,898) 0 (0) 5 (2) 
Union Hills North 0 (0) 1,017 (429) 0 (0) 7,741 (3,267) 0 (0) 0 (0) 
Wild Goose 0 (0) 0 (0) 0 (0) 60,454 (27,567) 9 (4) 0 (0) 
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Wetland  Isotomidae Amphipoda Decapoda Asellidae Ostracoda “Cladocera” 
Bluewing 0 (0) 0 (0) 10 (4) 0 (0) 3,399 (1,360) 178,797 (71,519) 
C.A. Block 0 (0) 220 (91) 0 (0) 0 (0) 14,079 (5,801) 101,194 (41,692) 
Crystal Hills 0 (0) 1,990 (828) 0 (0) 0 (0) 0 (0) 0 (0) 
Eagle Flatts 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 5,830 (2,460) 
Elk Creek 0 (0) 13 (6) 0 (0) 0 (0) 127 (60) 2,539 (1,208) 
Gladfelter  0 (0) 209 (91) 0 (0) 0 (0) 209 (91) 0 (0) 
Harmon Lake 60 (30) 0 (0) 36 (18) 0 (0) 1,314 (665) 2,149 (1,088) 
Haugen  0 (0) 0 (0) 34 (14) 0 (0) 3,284 (1,360) 219 (91) 
Hoffman Prairie 74 (36) 0 (0) 4 (2) 223 (109) 1,337 (653) 14,487 (7,069) 
Mallard  111 (45) 37,426 (15,270) 0 (0) 111 (45) 0 (0) 8,997 (3,671) 
Pilot Knob 
Recreation Area 
0 (0) 58,562 (24,596) 0 (0) 0 (0) 432 (181) 11,653 (4,894) 
Sandpiper North 0 (0) 90 (38) 0 (0) 0 (0) 255 (109) 936 (399) 
Sandpiper South 0 (0) 5,044 (2,310) 4 (2) 0 (0) 132 (60) 2,902 (1,329) 
Teal Basin 365 (181) 0 (0) 0 (0) 0 (0) 1,096 (544) 6,034 (2,993) 
Union Hills East 0 (0) 1,736 (729) 53 (22) 0 (0) 1,295 (544) 26,111 (10,967) 
Union Hills North 0 (0) 12,605 (5,319) 0 (0) 0 (0) 0 (0) 1,289 (544) 
Wild Goose 0 (0) 0 (0) 0 (0) 4,726 (2,155) 4,236 (1,932) 69,725 (31,795) 
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 Appendix 2. Continued 
Wetland  “Conchostraca” Calanoida Cyclopoida Harpacticoida Total density Taxa richness 
Bluewing 0 (0) 0 (0) 22,885 (9,154) 453 (181) 443,278 (177,313) 20 
C.A. Block 0 (0) 0 (0) 52,797 (21,752) 660 (272) 341,561 (140,723) 15 
Crystal Hills 0 (0) 6,536 (2,719) 0 (0) 0 (0) 174,859 (72,741) 13 
Eagle Flatts 0 (0) 0 (0) 5,216 (2,201) 123 (52) 46,752 (19,730) 11 
Elk Creek 0 (0) 0 (0) 1,142 (544) 0 (0) 92,306 (43,938) 25 
Gladfelter  0 (0) 0 (0) 1,253 (544) 0 (0) 191,715 (83,204) 19 
Harmon Lake 0 (0) 0 (0) 1,851 (937) 299 (151) 31,688 (16,034) 22 
Haugen  0 (0) 0 (0) 1,751 (725) 6,568 (2,719) 265,102 (109,752) 17 
Hoffman Prairie 0 (0) 297 (145) 2,006 (979) 594 (290) 49,754 (24,280) 27 
Mallard  0 (0) 0 (0) 10,663 (4,350) 222 (91) 100,026 (40,811) 24 
Pilot Knob 
Recreation Area 
0 (0) 0 (0) 15,322 (6,435) 0 (0) 136,613 (57,378) 25 
Sandpiper North 0 (0) 0 (0) 255 (109) 766 (326) 48,405 (20,620) 22 
Sandpiper South 0 (0) 0 (0) 2,375 (1,088) 0 (0) 68,312 (31,287) 22 
Teal Basin 365 (181) 0 (0) 4,020 (1,994) 6,030 (2,991) 70,798 (35,119) 25 
Union Hills East 0 (0) 432 (181) 12,516 (5,257) 0 (0) 160,140 (67,259) 18 
Union Hills North 0 (0) 2,005 (846) 7,445 (3,142) 0 (0) 95,078 (40,123) 21 
Wild Goose 808 (369) 0 (0) 2,186 (997) 795 (363) 150,938 (68,828) 21 
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 Appendix 3. Macroinvertebrate biomass metrics for each wetland.  Biomass was measured as g ash-free dry weight (AFDW) and g 
dry weight.  The first number in each cell is the biomass per volumetric area sampled (g/m³).  The number in parentheses is the 
biomass per unit horizontal bottom area (g/m²).   
Wetland  Total biomass 
(g AFDW) 
Total biomass 
(g dry weight) 
Total biomass exclusive of 
crayfish (g AFDW) 
Total biomass exclusive of 
crayfish (g dry weight) 
Bluewing 2.3 (0.9) 16.5 (6.6) 2.2 (0.9) 16.2 (6.5) 
C.A. Block 0.8 (0.3) 8.2 (3.4) 0.8 (0.3) 8.2 (3.4) 
Crystal Hills 2.6 (1.1) 26.0 (10.8) 2.6 (1.1) 26.0 (10.8) 
Eagle Flatts 0.4 (0.2) 1.6 (0.7) 0.4 (0.2) 1.6 (0.7) 
Elk Creek  12.4 (5.9) 20.6 (9.8) 12.4 (5.9) 20.6 (9.8) 
Gladfelter  2.8 (1.2) 22.9 (9.9) 2.8 (1.2) 22.9 (9.9) 
Harmon Lake 4.7 (2.4) 12.5 (6.3) 3.6 (1.8) 5.4 (2.7) 
Haugen 50.4 (20.9) 85.0 (35.2) 50.4 (20.9) 85.0 (35.2) 
Hoffman Prairie 3.2 (1.6) 5.4 (2.6) 3.1 (1.5) 5.1 (2.5) 
Mallard  8.3 (3.4) 20.2 (8.3) 8.3 (3.4) 20.2 (8.3) 
Pilot Knob Recreation Area 2.2 (0.9) 15.7 (6.6) 2.2 (0.9) 15.7 (6.6) 
Sandpiper North 7.2 (3.1) 12.8 (5.5) 7.2 (3.1) 12.8 (5.5) 
Sandpiper South 13.5 (6.2) 24.4 (11.2) 13.5 (6.2) 24.1 (11.1) 
Teal Basin 6.3 (3.1) 11.2 (5.5) 6.3 (3.1) 11.2 (5.5) 
Union Hills East 9.9 (4.1) 21.9 (9.2) 8.4 (3.5) 16.6 (7.0) 
Union Hills North 3.0 (1.3) 16.2 (6.8) 3.0 (1.3) 16.2 (6.8) 
Wild Goose 24.8 (11.3) 44.0 (20.1) 24.7 (11.3) 43.9 (20.0) 
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 Appendix 4. Terrestrial land cover (percent within each category) within a 50-m radius of the margin of each wetland.   
Wetland  % agriculture % urban % grassland % tree/woodland % water 
Bluewing 3.4 0 96.6 0 0 
C.A. Block 0 0 100 0 0 
Crystal Hills 1.5 1.8 92.6 0 4.0 
Eagle Flatts 0 5.1 94.9 0 0 
Elk Creek  0.6 2.3 97.1 0 0 
Gladfelter  10.5 0 82.7 6.8 0 
Harmon Lake 0 0 100 0 0 
Haugen 0 0 77.4 0 22.6 
Hoffman Prairie 0 0 100 0 0 
Mallard  0.5 0.1 56.3 40.0 3.2 
Pilot Knob Recreation Area 0.02 0 62.9 37.1 0 
Sandpiper North 0 0 100 0 0 
Sandpiper South 2.4 0 67.3 9.6 20.7 
Teal Basin 7.4 0 86.3 0 6.3 
Union Hills East 0 0 100 0 0 
Union Hills North 0.6 1.0 94.3 0 4.1 
Wild Goose 6.9 0 93.2 0 0 
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 Appendix 5. Values for physicochemical features within each wetland.  Where multiple values occur for one wetland (i.e., 
dissolved oxygen, pH, temperature, and turbidity), the first value in a cell is the mean that was used in statistical analyses.  Values 
in parentheses are five daily measurements taken every 2-7 days from May 14-June 7, 2007.  Means were calculated from these 
five measurements.    
Wetland Wetland area (ha) Dissolved oxygen (mg/L) pH 
Bluewing 10.78 9.0 (10.6, 6.1, 10.2, 11.9, 6.4) 9.4 (9.3, 8.9, 9.8, 9.8, 9.1) 
C.A. Block 3.31 8.7 (8.6, 5.5, 11.2, 9.7, 8.5) 8.9 (8.8, 8.5, 8.8, 9.0, 9.4) 
Crystal Hills 16.65 12.4 (12.0, 6.3, 10.2, 13.7, 19.9) 9.0 (9.1, 8.6, 9.0, 9.2, 9.3) 
Eagle Flatts 0.85 7.1 (5.7, 6.5, 4.4, 6.2, 12.5) 8.4 (8.4, 8.3, 8.3, 8.3, 8.5) 
Elk Creek 0.72 7.8 (7.3, 10.7, 6.3, 6.3, 8.4) 8.9 (8.6, 9.3, 8.9, 8.9, 8.8) 
Gladfelter 1.64 10.8 (12.7, 7.8, 13.0, 9.4, 10.9) 8.9 (8.5, 8.8, 8.9, 8.9, 9.5) 
Harmon Lake 0.91 6.8 (8.9, 8.5, 5.9, 2.1, 8.7) 8.7 (8.6, 8.8, 8.9, 8.5, 8.8) 
Haugen 0.08 13.2 (18.0, 5.6, 8.1, 21.1, 13.1) 8.6 (9.0, 8.8, 8.0, 8.8, 8.4) 
Hoffman Prairie 2.45 6.6 (6.8, 8.4, 8.4, 5.0, 4.2) 8.8 (8.3, 9.3, 9.2, 8.8, 8.4) 
Mallard 5.50 6.4 (2.6, 7.1, 9.6, 6.1, 6.7) 9.0 (8.2, 9.5, 8.9, 8.6, 9.8) 
Pilot Knob Recreation Area 2.12 6.5 (4.2, 5.1, 10.7, 9.9, 2.8) 9.2 (8.3, 9.7, 9.5, 9.5, 9.0) 
Sandpiper North 2.68 8.8 (6.5, 6.7, 12.9, 10.8, 7.3) 9.3 (9.3, 9.7, 9.1, 9.3, 9.1) 
Sandpiper South 2.41 5.9 (7.9, 3.7, 5.0, 9.2, 3.6) 8.1 (8.0, 8.1, 8.0, 8.3, 8.3) 
Teal Basin 0.62 4.4 (7.4, 2.7, 4.2, 5.2, 2.4) 7.9 (8.2, 7.7, 7.2, 8.4, 8.0) 
Union Hills East 0.53 12.7 (9.1, 8.1, 16.0, 12.7, 17.6) 9.2 (8.7, 8.9, 9.3, 9.5, 9.4) 
Union Hills North 4.11 10.0 (7.9, 8.4, 11.8, 7.6, 14.5) 8.7 (8.5, 8.6, 8.8, 8.8, 9.1) 
Wild Goose 0.27 4.4 (8.7, 1.1, 4.7, 3.9, 3.6) 8.1 (8.2, 8.0, 8.0, 8.0,8.1) 
 
 
  
  
110 
 Appendix 5. Continued 
Wetland  Temperature (°C) Turbidity (NTU) TN 
(mg/L) 
TP 
(mg/L) 
Bluewing 19.2 (13.7, 16.2, 22.2, 24.5, 19.6) 3.6 (1.8, 3.1, 7.7, 3.8, 1.4) 1.3 0.06 
C.A. Block 20.1 (16.9, 18.4, 19.4, 21.5, 23.9) 41.0 (73.7, 36.7, 25.1, 28.0, 41.3) 2.8 0.42 
Crystal Hills 22.0 (20.2, 20.6, 21.5, 24.0, 23.8) 63.5 (53.1, 76.7, 71.0, 63.0, 53.6) 4.6 0.53 
Eagle Flatts 21.9 (22.7, 23.1, 20.2, 19.3, 24.5) 60.0 (112.2, 61.5, 46.0, 50.7, 29.7) 2.9 0.44 
Elk Creek 19.9 (15.3, 24.4, 20.2, 21.5, 18.0) 2.9 (3.5, 2.2, 2.7, 3.1, 3.1) 0.7 0.04 
Gladfelter 21.5 (17.2, 22.7, 22.0, 21.8, 23.8) 52.8 (53.1, 34.4, 35.4, 73.4, 67.8) 5.3 0.51 
Harmon Lake 19.8 (18.9, 21.7, 19.4, 19.5, 19.5) 2.5 (1.6, 1.9, 3.1, 3.6, 2.0) 0.9 0.05 
Haugen 22.5 (24.9, 23.3, 17.7, 23.8, 22.8) 6.5 (3.6, 6.3, 3.9, 5.1, 13.5) 2.4 0.38 
Hoffman Prairie 20.9 (16.1, 23.0, 24.5, 23.7, 17.3) 2.5 (6.0, 1.3, 2.3, 2.0, 0.9) 0.7 0.04 
Mallard 21.7 (17.8, 26.4, 21.9, 20.8, 21.6) 7.0 (11.4, 8.1, 7.8, 3.5, 4.2) 1.0 0.20 
Pilot Knob Recreation Area 21.7 (14.9, 26.2, 23.2, 25.4, 18.9) 5.6 (2.2, 8.1, 7.3, 5.5, 4.7) 1.9 0.52 
Sandpiper North 21.1 (14.1, 24.6, 22.5, 24.3, 20.1) 4.3 (3.2, 6.6, 4.8, 3.5, 3.4) 0.8 0.25 
Sandpiper South 22.3 (22.4, 24.7, 21.4, 22.7, 20.4) 22.7 (70.9, 13.9, 9.6, 8.2, 11.0) 2.2 0.51 
Teal Basin 21.7 (23.7, 21.4, 18.8, 23.6, 20.8) 4.6 (3.8, 2.3, 4.2, 4.1, 8.4) 0.8 0.11 
Union Hills East 22.6 (16.8, 21.6, 24.1, 26.6, 23.6) 8.7 (8.0, 12.6, 6.0, 9.0, 7.6) 1.1 0.16 
Union Hills North 21.5 (17.1, 20.0, 22.9, 24.4, 22.9) 11.7 (12.0, 14.5, 5.5, 22.1, 4.2) 1.2 0.11 
Wild Goose 20.2 (23.7, 19.0, 17.8, 20.5, 20.1) 3.5 (3.2, 6.7, 2.8, 2.4, 2.6) 1.5 0.24 
 
 
 
  
111 
 Appendix 6. Species of vertebrates, and numbers of individuals, recorded from each wetland.    
Wetland Name Common 
carp 
(Cyprinus 
carpio) 
Fathead 
minnow 
(Pimephales 
promelas) 
Black 
bullhead 
(Ameiurus 
melas) 
Brook 
stickleback 
(Culaea 
inconstans) 
Green 
sunfish 
(Lepomis 
cyanellus) 
Tiger 
salamander 
(Ambystoma 
tigrinum) 
Bluewing 0 0 0 0 1 3 
C.A. Block 0 0 13 0 8 0 
Crystal Hills 0 608 0 0 0 0 
Eagle Flatts 2 0 4 0 1 0 
Elk Creek 0 31 0 0 0 3 
Gladfelter 0 498 4 0 0 0 
Harmon Lake 0 0 0 1 0 2 
Haugen 0 5 4 0 0 0 
Hoffman Prairie 0 0 0 0 0 8 
Mallard 0 0 1 0 6 0 
Pilot Knob 
Recreation Area 
0 0 0 0 0 1 
Sandpiper North 0 17 0 0 0 4 
Sandpiper South 0 83 12 0 0 0 
Teal Basin 0 0 0 0 0 13 
Union Hills East 0 0 0 0 0 23 
Union Hills North 0 0 0 0 0 8 
Wild Goose 0 0 0 0 0 9 
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 Appendix 7. Coarse particulate organic matter (CPOM) abundance in each wetland.  CPOM abundance was quantified as g dry 
weight per volumetric area sampled (g dry weight/m³), and per unit horizontal bottom area (g dry weight/m²).   
Wetland  CPOM (g dry weight/m3) CPOM (g dry weight/m2) 
Bluewing 330.9 132.3 
C.A. Block 8.1 3.3 
Crystal Hills 17.1 7.1 
Eagle Flatts 5.7 2.4 
Elk Creek 495.3 235.7 
Gladfelter 96.0 41.7 
Harmon Lake 214.4 108.5 
Haugen 82.3 34.0 
Hoffman Prairie 550.4 268.6 
Mallard 804.5 328.2 
Pilot Knob Recreation Area 297.6 125.0 
Sandpiper North 376.0 160.2 
Sandpiper South 389.0 177.9 
Teal Basin 575.0 285.2 
Union Hills East 0.2 0.1 
Union Hills North 388.3 163.9 
Wild Goose 1286.1 586.4 
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Appendix 8A. Physicochemistry data sheet. 
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Appendix 8A. Continued 
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Appendix 8B. Vertebrate presence data sheet. 
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Appendix 8B. Continued 
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Appendix 8C. Laboratory data sheet for macroinvertebrate and CPOM sample processing.    
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Appendix 8D. Large-bodied macroinvertebrate identification tally sheet. 
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Appendix 8E. Small-bodied macroinvertebrate identification tally sheet. 
 
 Appendix 8F. Large-bodied macroinvertebrate dry weight and AFDW data sheet. 
 
  
121 
 Appendix 8G. Small-bodied (sub-sampled) macroinvertebrate dry weight and AFDW data sheet.   
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